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COOTRIBOTIOH  TO  THS  <2iKlgl3TRf  OF  QXLQ  KBQ  FATS  WITH  PARTICULAR 

WSmmCK  TO  BOTTSR  FAT. 

Introduotioq^ 

In  the  presentation  of  a  theeie  on  the  ohemlstry  of  oils 
and  fats,  I  am  obliged  to  depart  in  a  taeasure  froa  the  usual 
form  of  procedure  In  such  instances,  as  the  work  was  not  under- 
taken with  t>iia  object  in  view  and,  furthermore,  has  extended 
©▼er  a  considerable  period  of  time,    A  brief  statement  of  the 
character  of  the  investigation  and  of  the  conditions  that 
initiated  the  various  lines  of  study  aeeas  neoessaz^  at  the 
outset  in  order  that  the  different  phases  of  the  subject  may 
be  treated  as  distinct  problems. 

Experiments  in  aniiaal  nutrition  have  constituted  a  promi- 
nent line  of  investigation  at  the  Hassachusetts  Experiment 
Station  ever  since  ito  organization,  but  not  until  1B90  was  any 
attenpt  made  by  this  station  to  ascertain  the  effect  of  feed  on 
the  composition  of  butter  fst.^      The  measurement  of  the  effect 
was  limited  to  deterrainations  of  volatile  and  non*volatile  acids 
Xfy  the  distillation  method  of  Moore^  or  of  ?iilson" .      The  latter 
process  represents  the  extent  to  whicli  fat  analysis  was  carried 
at  the  station  at  t>ie  time  of  my  appointment  as  assistant.  The 
Association  of  Official  Agricultural  Chemists  was  instrumental 
in  bringing  forward  other  methods  and  their  use  gradually  becaa* 


1  RptB.  State  Agr,  Kbcpt.  Sta.,  8,  pp.  64-69  (1891);  9,  pp.  83 
86  (1892);  10,  pp.  55-56  (1893). 

2  As  Modified  by  Valler,  Jour.  Aner.  (^lera.  Soc,  11,  pp,  144- 
147  (1889). 

3  Ztschr.  Analyt.  Chen.  28,  pp.  175-183  (1889). 


more  g«»eral.     I„  1898  a  aeries  of  feeding  experiaente  was 
inaugurated  1^  Dr.  Lindeey  to  determine,  among  other  things, 
the  specific  effect  of  the  several  food  groups.-protein,  fat 
and  carbohydrates—aa  found  in  different  feed  stuffs,  upon  the 
composition  of  the  resulting  butter  fat.l      l^he  investigation 
extended  over  a  number  of  years  and  required  the  analyois  of 
■any  samples  of  fat.      Having  charge  of  that  portion  of  the 
analytical  work  and  also  of  the  examination  of  numerous  samples 
of  oleoaarsarine  and  of  renovated  butter  for  the  state  Bairy 
ftireau  in  connection  with  its  prosecutions,  a  careful  study  of 
the  technique  of  fat  analysis,  in  so  fjir  as  tiie  more  coamon 
group    methods  are  concerned,  was  undertaken  at  the  outset  and 
has  been  continued  to  the  present  tirae,    \9ith  increasing  ex- 
perience, plans  were  formulated  for  a  systematic  correlation 
and  standardization  of  the  various  processes  and  considerable 
progress  has  been  made  in  that  direction.      The  object  was  to 
prosote  accuracy  by  greater  uniformity  and  simplicity  of  methods 
Mbracing  definition  of  terms,  principles  involved  and  details 
of  manipulation  including  reagents^  apparatus  and  glassware. 
A  report  on  •Tiethods  for  Fat  Analyaie*^    was  published  some 
years  ago.     In  the  present  instance  the  original  features  are 
discussed  at  soae  length  followed  by  the  revised  methods  treated 
in  a  monograph ical  way.      In  some  cases  the  modifications  are 
so  extensive  as  to  practically  constitute  new  aiethods,  as  in 
Acetyl  Bonber. 


1  Rpts.  Hatcih  y.xpt,  Stn.,  13,  pp.  14-33  {1901);  14,  pp.  162- 
168  (1908);  16,  pp.  45-62  (1904).  hiasB.  Agr.  Sxpt.  Jita.  Hpt.  21, 
PU  2    pp.  66-110  (1909). 

2  Rpts.  Itess.  Agr.  iSxpt,  Sta.,  21,  Pt.  2,  pp.  129-138  (1909); 
22,  Pt.  1,  p.  139  (1910). 


was  a 


In  the  otudy  of  butter  fat.  stability  of  the  product 
factor  to  bo  conaidered.      It  became  necessary  to  deternaine 
whether  8a..pleB  might  undergo  eufficient  chemical  change  between 
the  time  of  preparation  and  of  analysis. -Bereral  weeks  in  some 
instances-as  to  appreciably  modify  the  results.  Therefore 
experiments  were  carried  out  to  ascertain  the  effects  of  air, 
light  and  moisture  and  also  of  heat  and  the  results  reported  as 
-Stability  of  Butter-Fat  Samples-1.        The  investigation  did  not 
prore  entirely  satisfactory  chiefly  for  the  reason  tliat  an  opaque 
solid  fat  was  ill  adapted  for  the  purpose,  as  the  action  of  the 
seversil  agents  was  restricted  in  a  large  measure  to  the  surface 
of  the  fat,  extending  rery  slowly  into  the  mass.  Consequently 
another  experiment  of  similar  character  was  instituted  under 
better  control  conditions,  to  determine  the  stability  of  olive 
oil,  in  hopes  t>iat  the  facts  secured  ralg^t  prove  of  general 
application,  and  of  practical  value.      Five  years  of  the  test 
will  be  completed  in  1915,  but  not  in  season  to  be  included  in 
this  paper;  sufficient  samples  will  still  remain  for  another  year 
Upon  the  discontinuance  of  the  series  of  feeding  experiments 
to  which  reference  has  been  made,  it  was  evident  that  while  the 
old  •group*  methods  of  fat  analysis  were  very  serviceable,  fur- 
nishing valuable  information  relative  to  the  nature  and  quality 
of  the  product,  tliey  were  insufficient  for  a  technical  investi- 
gation such  as  was  undertaken.      As  fresh  butter  fat  is  composed 
largely  of  triglycerides,  a  determination  of  the  different  fatty 
acids  would  provide  a  better  criterion  of  tho  effect  of  food 
constituents.    To  be  sure,  soiae  differentiation  in  fatty  acids 


1  Kass.  Agr.  Expt.  Sta.  Hpt.  22,  Pt.  1,  pp.  132-138  (1910). 
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—  P«..lbl,  by  the  o„thod.  1„  vogue,  but  the  reaulta  a.  a 
^ol.  were  ^  determinate.      Therefore  an 

.tt«pt  «».  «.<l.  to  perfeot  practical  methods  for  the  deter- 
•tnatlon  of  the  .ariou,  fatty  acids,  particularly  the  Insoluble 
acids  as  they  constitute  froa  8C.50  to  90  percent  of  the  fat. 

in  pursuanoe  of  this  work    a  flun^iv  u*^ 

worK,  a  supply  of  hl^  grade  fatty  aclda 

~«  squired  and  ao  the  best  obtainable  on  the  market  orored 
unBatisfactozy.  their  purification  became  a  problem  of  consider, 
able  iiaportance.      Three  different  methods  for  purifying  satu- 
rated  acids  were  investigated  and  their  merits  and  disadTantages 
•Wirized  under  •Purification  of  Insoluble  Jatty  Aoids^l. 
subsequently  attention  was  directed  to  the  treatment  of  oleic 
acid,  the  moat  prominent  unsaturated  acid  of  odible  oils  and 
fats,  and  a  fair  aeaeure  of  success  obtained. 

After  securing  a  stock  of  lauric.  layriotlc,  palnitio, 
stearic  and  oleic  acids,  the  object  of  the  inTestigation  was  to 
adapt  or  devise  taethods  for  the  quantitative  determination  of 
the  different  acids  in  mixtures  such  as  the  insoluble  acids  of 
butter  fat.      A  separation  of  thfit  character  has  been  recognized 
for  a  long  time  as  one  of  the  most  difficult  problems  of  techni- 
oal  chemistry.      The  Partheil  and  Iferie  method^    was  adopted  as 
a  tentative  plan  of  operation  as  it  seemed  the  aoat  promising, 
the  work  was  continued  several  years  except  during  hot  weather 
and  the  usual  interruptions  of  laboratory  practice.    The  process, 
however,  failed  to  yield  trustworthy  results  after  long  trial 
and  many  attempts  at  remedial  measures  and,  in  our  hands  at  least. 


1  Haos.  A«r.  Expt.  Sta.  Rpt.  23,  Pt.  1,  pp.  131-134  (1911). 

2  Arch.  I'harm.  241,  pp.  545-569  (1903). 
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ppoTed  entirely  iapracti cable.      The  investigation,  vhiah  will 
be  deecplbed  briefly,  althoii^i  uneaoceaaful  Iri  the  main,  served 
to  bring  to  light  a  aaea  of  valuable  information  relative  to 
eolutiona  and  details  of  manipulation  that  have  since  been  found 
of  great  aeelatanee* 

A  iMthod  for  determining  stearic  acid  was  devised  by  Hehner 
and  Mitchell^    that  yielded  considerable  amounts  from  the  insol- 
uble acids  of  various  products  but  showed  no  appreciable  separa- 
tion from  the  acids  of  butter  fat*      Believing  that  an  accurate 
determination  of  stearic  acid  in  addition  to  that  of  oleic  acid 
ml^^t  warrant,  in  case  of  butter,  a  reasonable  inference  as  to 
the  residual  acids,  if  homologous,  and  possibly  tlieir  calculation, 
if  adjacent,  was  sufficient  to  induce  a  thorou^  study  of  the 
process,  the  results  of  which  are  presented  as  "i>etemination  of 
Stearic  Acid  in  Butter  7at*. 

Attention  has  been  directed  to  the  various  lines  of  investi- 
gation and  the  subject  matter  will  be  treated  under  the  following 
distinct  headings: 

1.  Improved  Methods  for  fat  Analysis. 

2.  Stability  of  3utter  i'at  Samples. 

3»    Purification  of  Insoluble  Fatty  Acids  and  Purification 

of  Oleic  Acid» 

4*    An  Attempt  at  Separating  Fatty  Acids  by  their  Lithium 

aalts. 

5*    Determination  of  Stearic  Acid  in  Butter  7at. 


1  Analyst,  21,  pp.  316-331  (1896) 


The  writer  is  pleased  to  acknowledge  many  euggeationB  and 
helpful  criticisms  by  Dr.  J,  B.  Lindsey,  Dr.  J.  s,  Ommberlain. 
i>r.  C.  A.  Peters,  Dr,  S.  Howard  and  lir.  F.  w.  Morse  and  the 
hearty  co-operation  of  Br.  R.  D.  Ifeclaurin,  Mr.  J.  0,  Reed  and 
Mr.  J.  Buckley  in  formulating  the  work  as  well  as  in  actual 
details  of  manipulation. 


1.     DSPHOraD  JSBTHODS  FOR  FAT  ANALYSIS . 
Before  considering  raethoda.  oils,  fata  and  waxe.  are 
defined,  olaeaifled.  and  a  synopaia  of  oompoaitlon  given  in 
order  that  the  Talue  of  the  data  contributed       the  various 
detemination.  whereuy  the  •structural"  coaposition  of  the 
product  is  evolved  may  be  fully  understood.    The  organoleptic 
teets  are  merely  enumerated,  as  their  application  is  self- 
evident.      They  are  employed  in  classifioation,  are  very  ser- 
viceahle  in  identification,  and  particularly  valuable  in  dis- 
criminating  as  to  quality  or  grade,  for  which  experience  and 
general  knowledge  of  the  trade  are  essential. 

the  more  prominent  physical  testa  are  of  such  a  well-known 
character  that  time  will  not  be  taken  to  consider  their  special 
modifications.    They  fumlsli  a  certain  amount  of  confirraatoiy 
evidence  and  are  occasionally  employed  for  "culling"  suspicious 
samples.    With  lubricating  and  illuminating  (hydrocarbon)  oils 
they  are  far  nore  Important.    The  chemical  methods  are  indis- 
pensable for  determining  the  identity,  coiapoaition  and  quality 
of  oils  and  fat8» 

Attention  is  directed  to  some  of  the  clianges  introduced 
as  a  result  of  our  work  at  the  experiment  station. 

Apparatus ■ — In  correlating  the  various  methods  for  the 
analysis  of  olla  and  fats,  apparatus  was  one  of  the  first  subjects 
that  had  to  be  considered.    There  was  a  wide  diversity  of  opinion 
expressed  by  different  writers  as  to  character,  forni,  and  size 
of  the  container  for  the  several  determinations,    v/hile  a  single 
flask  ai^t  not  be  equally  convenient  in  all  cases,  practical 
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Manipulation  required  its  adoption.  If  feasible,  and  «  300  o.c. 
&Plenm«yep  fla«k  of  uniforra  height  and  cork  requirement  has 
proved  Tery  oatisfactory  for  the  purpose.    At  that  time  American 
naaufacturera  did  not  produce  the  desired  article  and  a  special 
■old  had  to  be  procured.    Graduated  ware  as  a  irtiole  vaa  on  a 
rather  indefinite  basis  althouj^  the  Udhr  c.c«  vas  tlie  prevailing 
^at«B*      Hormal  graduated  ware  on  the  basis  of  true  c.c,  at 
4»C  vas  adopted  as  the  standard,  however,  and  is  gradually 
becoming  universal*    flasks  and  cylinders  ^re  graduated  for 
capacity  and  burettes  and  pipettes  for  delivery  at  20OC. 

Jor  drying  insoluble  acids,  unsaponif iable  matter,  etc., 
requiring  constant  temperature  and  a  continuous  circulation  of 
air  or  inert  gas,  three  ovens  of  different  types  have  been  con- 
structed, namely,  a  glycerine  and  water  oven  heated  by  gas,  a 
Jacketed  vacuiso  oven  heated  T:^  gas  or  steam,    and  an  electric 
oven  automatically  controlled  loy  a  thermostatic  relay.    All  were 
found  reaaonably  satisfactory  but  the  electric  oven  on  account  of 
its  rapid  drying  with  a  comparatively  small  amount  of  decomposi- 
tion, proved  the  moat  desirable.    A  special  water  bath  with  false 
bottom,  movable  ivater  level,  interchangeable  tops  and  super- 
structure, heated  by  gas  or  steam,  was  constructed  for  t}ie  deter- 
mination of  acid,  saponification,  and  acetyl  numbers,  insoluble 
acids,  etc.,  and  found  indispensable  for  sucIj  work.    The  super- 
structure permits  the  use  of  glass  spiral  condensers  without 
danger  of  breakaf^e. 

A  double  filter  bath  for  removing  curd,  dirt,  water  and 
other  impurities  from  nelted  fat  has  demonstrated  its  value  by 
years  of  service* 
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OXms  beads,  weigjiing  about  .5  gram  eacli,  have  been  found 
<me  of  the  best  agents  to  promote  ebullition  in  the  determination 
of  aoid  and  saponification  nuiibera,  and  to  expell  volatile  aoids 
In  the  Reiohert-Meissl  test. 

SSafierr^.— The  occurrence  of  aldehyde  in  practically  all 
alcohol  shipped  in  wood,  together  with  acre  or  loss  aoid,  is 
objectionable  for  fat  analysis.    The  aldehyde  in  the  presence  of 
caustic  alkali  imparts  a  dark  reddish  brown  color  to  the  solution, 
which  obscures  the  end  point  in  titration  when  phenolpht>ialein  is 
used  as  indicator.      After  nurierous  experiments  witli  potassium 
hydroxide,  caustic  lirac  and  silver  nitrate,  a  simple  and  efficient 
siethod  of  purification  was  devised;    }?ive  gallons  of  alcohol  are 
treated  with  at  least  10  grams  of  powdered  silver  nitrate,  tJior- 
oughly  shaken,  and  allowed  to  stand  several  days  to  insure  oxidation 
of  the  aldehyde  ;  then,  with  500  grams  of  calcium  oxide  (oaustic), 
repeatedly  ^akcn  for  several  days  to  remove  acids  and  a  portion 
of  the  water,  filtered,  and  redistilled,      i^actionation  is 
necessary  if  the  boiling  point  exceeds  a  range  of  1*»C. 

^or  the  preparation  of  alcoholic  pota^,  the  dry  product 
should  never  be  employed  as  tJie  intensity  of  t)ie  reaction  almost 
invouriably  results  in  the  formation  of  aldehyde  even  with  the  best 
grade  of  alcohol.      Fifty  c.c.  of  a  saturated  solution  of  potassiua 
hydroxide  8lo?^'ly    added,  with  agitation,  to  1000  c.c.  of  cold 
alcohol  yield  a  solution  approximately  .65  normal  and  free  from 
color. 

The  advantages  of  g;lycerol  over  alcohol  as  a  carrier  of 
alkali  in  saponification  for  the  determination  of  volatile  nnd 


insoluble  aclda  ar«  ao  erld«nt  t)mt  they  do  not  warrant  diaouasion. 

Th«  eabstitution  of  potaasiua  hydroxide  in  place  of  aodii«a  hydrox- 

Ido,  ho«OT«r.  appears  to  have  been  overlooked  by  most  »malyat8.  M 

per  gram  *  ^ 

The  potaasiiffli  compound  has  leas  baaioity,  but  the  resulting  aoap 

ia  more  readily  soluble  and  easier  to  hrmdle*    One  hundred  and  ' 
twenty  graaa  of  stick  potnah  diaaolved  in  1000  c.c.  of  pure  fjlycerol 
by  heating  to  lOS^CJ  yield    a  very  efficient  solution  of  about  1.6 
nonaality. 

Hydrochloric  acid  having  ahowi  a  tendency  to  be  nore  destruc- 
tive than  aulfuric  acid  in  the  date rciinat ion  of  insoluble  acids, 
the  latter  h:ia  been  employed  excluaively  in  recent  years  in  the 
least  poaaible  exceaa  conaiatcnt  with  a  clear  aeparation  of  fatty 
acids  and  underlying  liquid.      Seae  loss,  however,  is  practically 
unavoidable. 

The  limi  tat  ions  of  phenol idithale in  in  ^e  presence  of  nlde- 
hydea  and  in  the  titration  of  acid  nuaber  led  to  a  study  of  other 
indicatora.    Alkali  blue  has  been  occasional Ty  mentioned  by 
foreign  writers  but  apparently  seldiom  employed.    Of  the  two  alkali 
bluea  listed,  6B  proved  superior  to  2  ULA,      6B  was  somewhat  sol* 
uble  in  water  but  raore  ao  in  alcohol.    Tinctures  of  the  original 
material,  of  the  water-extracted  residue  and  of  the  evaporated 
water  extract  were  tested  and  a  solution,  prepared  by  extracting 
I  gram  of  the  original  with  boiling  95  percent  alcohol  under  a 
reflux  and  filtered. v/as  found  preferable. 

The  indicator  is  blue  with  acids  and  red  with  caustic  alkaliea 
and  only  applicable  to  alcoholic  solutions.     /Vlkali  blue  is  eensi- 
tiv©  and  with  experienced  workers  gives  results  similar  to  phenol- 
phthalein  in  titration  of  acid  and  saponification  numbera.     It  has 
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adTiMitagee  md  mmj  suppleaent  but  probably  never  aupersede 
the  latter  ladicator« 

Staroh  paste  la  one  of  the  most  delicate  indicators  in  use 
Toot  aaay  fail  to  recognize  that  complete  colloidization  is 
neoeeaary  for  the  attainment  of  a  true  end  point,  as  solid 
particles  react  acre  slowly  than  a  solution. 

th«  strength,  method  of  preparation  and  qujuitity  of  reagents 
«»ployed  have  be«n  modified  In  some  instances  which  will  not  be 
considered. 

laiiiad.— In  standardising  the  methods  an  effort  was  made  to 
use  not  only  the  same  flasks  but  also  the  aazae  aawmnt  of  xaaterial, 
▼olume  of  solution  and  indicator,  and  the  same  agent  to  facilitate 
boiling  and  like  conditions  of  treatment  in  so  far  as  possible. 
All  the  methods,  practically  without  exception,  have  been  modified 
in  reagents  and  manipulation  and  attention  called  to  numerous 
precautions  found  necessary  for  accurate  worfc.    This  is  especially 
noticeable  in  the  determination  of  insoluble  acids,  iodine  number 
and  neutralization  number  of  insoluble  acids.    The  acetyl  number 
should  be  considered  a  new  method.    The  Units  of  error  are 
original,  based  chiefly  on  practical  manipulation,  althouf^  con- 
sidered on  theoretical  grounds.    The  synopsis  of  reaction  expresses 
the  succeaslTe  steps  and  imderlying  principle  in  each  process  free 
from  verbiage.    The  supplementary  notes  include  any  information, 
original  or  otherwise^  that  mi^t  be  of  service  in  interpreting 
results*    All  tables  and  foxvaulas  are  calculated  on  the  latest 
atomic  wei^ts  and  many  formulas  express  old  principles  in  a  new 
light. 
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CLASSIFICATION. 

Hatupal  oila  may  be  dlrided  into  tvro  aajop  groups,  i.e., 
essential,  ethereal  or  volatile  oils,  and  fatty,  fixed  or 
nonvolatile  oila. 

The  fatty  oils  niay  be  subdivided  aooording  to  conslatency 
at  ordinary  temperature  into  oils  and  fats;  aocording  to  source, 
into  vegetable  rwid  animal;  according  to  properties,  into  drying, 
»«nidrying,  and  nondrying,  etc. 

Vaxes  are  generally  grouped  with  the  fatty  oila  on  account 
of  their  similar  chcraioal  structure.    Oils  and  fats  are  essential- 
ly neutral  glyceryl      caters,  compounds  of  fatty  acids  and  the 
soluble  tribasio  alcohol,  glycerol.    Waxes  are  composed  of  esters 
of  fatty  aoids  and  insoluble  monobasio  and  dibasic  alcohols  to- 
gether with  a  considerable  proportion  of  free  alcohols  and  of 
hydrocarbons. 

Any  general  classification  of  oila,  fats,  and  waxes  ii*iether 
of  origin,  of  physical  characteristics,  or  of  chemical  character- 
istics is  open  to  critioisa;  probably  that  of  Lewkovitsoh  based 
on  the  magnitude  of  the  iodine  maaber  correlated  with  that  of 
consistency,  origin,  and  properties  is  the  best  that  has  been 
offered. 
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OILS,  ms  ASQ  WAXRS, 


Oils 

Vegetable  oils 

Drying  oils 

Semidrying  oils 

Cottonseed  oil  group 
Rape  oil  group 

Hondrying  oils 

Gastor  oil  group 

Aniaal  oils 

Marine  aaljaal  oils 

nah  oils 
Liver  oils 
Blubber  oils 

Terrestrial  ani^aal  oils 

tats 

Vsgetable  fats 

Chaulmoogra  oil  group 
Laurel  oil  group 
Palra  oil  group 
ISyristioa  group 
Cacao  butter  group 
Coconut      "ill  group 
Sika  fat  group 

Animal  fats 

Body  fats 

Drying  fats 
Semidrying  fats 
Hondrying  fats 

Milk  fats 

Vaxes 

Liquid  waxes 

Animal  waxes 

Solid  waxes 

Vegetable  waxes 
Animal  waxes 

-  13  - 


ORGAHOLSPTIC 


Consiatenoy  (20**G,) 


Turbidity 
Oed  lioent 
Colop^ 


Liquid 

Semifluid 

Solid 

Water  or  other  nonmiaoible  subatanoes 
Stoarin,  dirt,  etc. 


Vater  i^ite  (colorleaa) 
Sti^w  oolor 
Leaon  yellow 

Bri^t  yellow  (moat  oils  ^en  refined) 
Dirty  yellow  ( beeswax) 
Bright  red 

Dirty  dazic  red  (crude  palm  oil) 

Yellowish  green  {laurel  oil) 

Green  (chlorophyll) 

Brown 

Black 


Opacity 


i^uoresoence  or  bloom 


Odor  (cold  and  hot) 


Taste 


Mineral  oils 

Characteristic  of  product 
Rancidity 

Charaoteriatlc  of  product 

Finest  (first  quality),  "hard",  "harsh 

Rancidity 


1  Arbitrary  cofflraeroial  terms  are  often  employed  in  designat- 
ing oils,     A  scientific  color  standard  of  the  Hilton  Bradley 
Co«pany*s  type  appears  impractical,  but  Lovibond'o  tintometer 
promises  more  satisfactory  results. 
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HnrSICAL  TXST3. 


Speoirio  srsTity 
HeXtiag  point 
Solidifying  point 
Rofraotl7e  Index 

Optical  rotation 

ColorlBieter 

Tieooslty 

Solubility 


Jlash  point 
Ignititm  point 


d-^  C.  t  a  20®. 
•0* 


\  40 o  and  60«  C. 


Abbe  rofraotOMtor.  n-^   t  -  20^,  40 

and  60®  C, 

l>extro  rotatory  200  B»tt«  tube 
X<aero  rotatory 

ZiOVibond  tintooeter 

Eedwood  Tiscositteter    70^  JVihr« 


Crioaer,  Crltioal  T^iperature  of 

Bissolution 

Talenta  test 
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SYW3PSIS  oy  OtfflQPOSlTIOH— ona  AHD  FATS* 


Heutral  fat 


^tty  acids 
Olyoerol 


Jfiree  fatty  acids 


Unaaponifiable  ]3att«r^ 


St«rol«2 
Hydrooarboxie 

Ca»rottogenic  bodies,  resinous 
substances,  etc* 


1  Skmliially  a  part  of  the  neutral  fat  but  differentiated  to 
facilitate  subsequent  calculations* 

2  Occur  as  free  alcohols  and,  to  some  extent^  in  combination 
with  fatty  acids  as  estsrs. 
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FATTY  ACias  ASD  GLYCgRIDSS. 


ISMk  ^attv  Acld^. 


Neutralization  nuaber 
Mean  moXeoular  w«i^t 

Fatty  Acids  of  Heatral  Fat, 
Neutralization  number 
Mean  molecular  wei^t 

Glycerol 

Vr—  T^tty  Aoids, 

neutral izat ion  ziumber 
Mean  aoleoular  weight 


Glyoeridea.  (Hcutral  Fat). 
Saponification  number 
He  an  molecular  weijjht 


Soluble  Fatty  Acida.^ 

Keutralization  number 
Vmui  molecular  vei^t 

Acetic  acid 
Butyric  acid 
Va.lQrio  acid 
Caproio  acid 
C^rylic  acid 
Capri c  acid 

Glycerol 

Volatile  Siitty  Aoide.^ 
Jieutralization  number 
M9mm  molecular  wei^t 

Glycerol 

Xasoluble  Fatty  Acids. ^ 

neutralization  number 
Mean  molecular  weij^t 

Laurie  acid 
'  liiyristic  acid 
Palmitic  acid 
Stearic  acid 
Arat^ic  acid 
Oleic  acid 
^rucio  acid 
Linolic  acid 
Linolenic  acid 
Clupanodonic  acid 
Ricinoleic  acid 
Dihydroxystearic  acid 

Glycerol 


Glyoerides . 

Saponification  number 
Hean  molecular  wei^t 

Aoetin 

Butyrin 

Valerin 

Caproin 

Caprylin 

Caprin 


Glyccrides. 

Saponification  number 
Mean  molecular  vei^t 


Glycerides, 

Saponification  mmber 
Itoan  molecular  tyei^t 

Laurin 

Ifyristin 

Palmitin 

Stearin 

Aradhia 

Olein 

Bruoin 

Linolin 

Linden  in 

Clupanodonln 

Ricinolein 

Bihydroxy  Dtear in 


1  The  free  soluble  and  insoluble  acids  should  not  be  calculated 

to  glyoerides.  ,  ^,        4 . 

2  Are  considered  as  constituting  a  portion  of  the  soluble  acids, 
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SAPOHiyiCATlON  (KOOTSTORJPSR^ )  HUMHSR. 

The  saponification  number  indicates  the  nilligraas  of 
potaeeium  hydroxide  required  for  the  owaplete  saponification  of 
1  gram  of  an  oil,  fat  or  wax, 

SaaSSaia-— Alcohol^,  redistilled,  free  from  acids  and 
aldehydes* 

Alcoholic  potash  solution^,  50  o.c,  of  a  saturated  solution 
of  potassium  hydroxide,  free  from  carbonate,  to  1000  c,c.  of 
alcohol.    The  alkali  should  be  added  to  the  alcohol  slowly  with 
agitation  in  order  to  prerent  any  appreciable  rise  in  tempera- 
ture.   The  solution  should  be  allowed  to  stand  at  least  24  hours 
and  filtered  Insed lately  before  use* 

H/2  hydrochloric  acid. 

Hienolphthalein  solution,  1  gram  to  100  c.c.  of  alcohol, 
neutralised* 

Alkali  blue  (6B)  solution,  1  graa  to  100  c.c.  of  alcohol. 
The  indicator  should  be  boiled  in  a  flask  under  a  refltax  con- 
denser for  2  hours  and  then  filtered. 


1  2t80hr.  Analyt.  Ghea*,  18,  pp.  199-207,  431-437,  (1879). 

2  All  alcohol  used  as  a  solvent  in  fat  analysis  or  in  prepara- 
tion of  the  reagents  should  be  treated  with  at  least  10  grams  of 
powdered  silver  nitrate  to  5  gallons  of  alcohol,  thoroughly  shaken, 
and  al),owed  to  stand  for  2  days  to  insure  oxidation  of  the  alde- 
hydes; then  with  500  grams  of  dry  calcium  oxide  for  several  days, 
repeatedly  shaken,  filtered  and  redistilled.    This  insures  the  re- 
moral  of  acids,  aldehydes  and  a  portion  of  the  water*    In  laany  in- 
stances it  has  been  found  necessary  to  fractionate  t>ie  alcohol  for 
substances  of  low  boiling  points  as  well  as  eatero  frequently  oocixr. 
This  is  particularly  true  of  alcohol  that  is  recovered  from  labora- 
tory processes*    The  distillate  sliould  be  preserved  in  glass  and 
protected  from  ounll^t. 

3  Approximately  .65N  solution.    Alcoholic  potash  will  dissolve 
about  »04  grams  of  potassium  carbonate  to  the  100  c.c.  according 

to  Holde  (GhOB.  Rev.  S-ett  u.  Harz  Indus.,  14,  pp.  105-107  (1907). 
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ifi&2i«— Into  a  300  c.c.  Krlenraeyer  flaak  m  brou^t  5  grnmm 
of  fat.  care  b«ing  taken  to  avoid  getting  any  fat  on  the  eidee  of 
the  riaalc.  together  with  50  o.c,  of  aloohoUo  potaah\  accurately 
neaaured  with  a  burette^  60  c.c,  of  alcohol  and  Bereral  glaaa 
beads.    The  flaek  Is  connected  with  a  spiral  or  other  form  of 
reflux  condenser  and  the  solution  boiled  on  a  water  bath  with 
occasional  rotating  of  the  contents,  until  saponification  is  com- 
plete.  about  60  minutes.    The  flairic  is  then  placed  In  a  water  bath 
at  60®  C.  and  the  solution,  after  cooling  to  that  texaperature, 
titrated  with  H/2  hydrochloric  acid  using  1  c.c.  of  phenolphthaleln 
as  indicator,  to  the  complete  elimination  of  the  pink  color.  Tiie 
cooling  and  dilution  of  the  solrent  due  to  the  addition  of  the  acid 
occasionally  give  rise  to  simll^  colored  particles;  this  can  be 
obviated  by  a  slight  increase  In  teiaperature.    The  end  point  is 
particularly  difficult  to  detemine  in  the  presence  of  aldehydes 
lAiioh  Impart  a  dark  reddish-brown  color  to  the  solution.    In  such 
eases  alkali  blue  (1  c.c.)  is  preferable  to  phenolphthaleln.  7hn 
change  in  color  is  frwa  red  with  alkalies  to  blue  with  acids.  The 
two  indicators  appear  to  give  like  results  when  considered  in  con- 
neotion  with  their  respective  blanks.    Absorption  of  carbonic  acid 
fron  the  air  should  be  guarded  against  at  all  tiaes*    As  alcoholic 
potash  gradually  loses  alkalinity  on  boiling,  the  operation  should 
be  tiflMd  with  reasonable  care. 

1  For  waxes,  especially  wool  wax,  potassium  alooholate  is  prefer- 
able on  account  of  its  greater  efficiency.    The  solution  should  be 
freshly  prepared  by  dissolving  5  grams  of  metallic  potassium  in 
100  o«c.  of  absolute  alcohol.— Lewkowitsch,  Analysis  of  oils,  ^ato 
and  Vaxes,  1,  p.  107  (1913). 
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Swral  blank  detertainationa  ahould  be  run  with  erery  aeries  of 
teats  under  prociaely  aimilar  conditlotts.    The  difference  between 
ttie  titration  of  the  blank  and  that  of  the  exceaa  alkali  in  the 
teat  is  the  acid  equivalent  of  the  fat  taken  which  should  be  cal- 
culated  to  fflilligraias  of  potaaaium  hydroxide  for  1  gram  of  fat. 

One  CO.  of  %/Z  acid  is  equivalent  to  28.054  ailligrams  of 
potassium  hydroxide* 

Limit  of  error,  0«50  8ap<mifloation  number. 
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gynorpaia  Heaotion«>« 

(BCOO)3C3K5  +  3K0H    «  ZRQOCK  ♦  C3H9(C)H)3 

fat         alkali  «alt^  glycerol 
Titration  of  excess  alkali 

H  in  the  graphic  formula  of  the  fatty  acida  repreaenta  C 
and  H  in  different  amount  a »  according  to  the  aoid^  hut  in  the 

proportion  of  C^Hg^^j^,  except  in  the  case  of  unaaturatcd  acids. 


1  The  tena  "soap*  is  now  limited  by  custom  to  the  alkali 
salts  of  insoluble  fatty  acids. 
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Saponification  Huabera  of  Triglyceridi 


Glyoeride . 

Solaoular 
wa^gnt • 

Saponification 
Tlurabar. 

Aoetin  •  .  •  .  . 

1 

1 

1 

i  (CH'^COO)'kC'«H«i 

<'XO«XX4C 

771.732 

Btttyrin    .  •  ,  . 

(C'kH'vCOO)«C<iUk 

556 •981 

Valerin    .  •  ,  ♦ 

\  ^4  "       *  3  3  5 

486  «  950 

Gappoin    •  •  •  . 

Gapxylin  •  •  •  • 

CC7HibOOO)^CxHk 

470.400 

WiJ  f  COO'S 

Caprin  •  *  •  .  • 

(C9HiqG00)«.C«Hs 

554«496 

Laurin  •  •  •  *  • 

*  XX  <co       '3  3  5 

638 . 592 

l^istin  •  •  .  . 

CCl3S27<300)^CntH5 

722*688 

232.914 

Palmitin  ♦  •  .  . 

^    10  ox        'O   3  O 

806.784 

• 

Staarin    *  •  »  • 

*  17^5      '3^3  5 

890.880 

188  ^  941 

Araohin    •  ♦  •  , 

f       nIl>xnwOU  •  •>  Cine 

*         3i>^'*' '  3  3  5 

974  976 

X 1 A • 0%4 

Ola in    •  •  •  •  • 

Bmoln  •  *  •  •  « 

{C2iH4iC0G)3G3H5 

1  X053«024 

159.848 

Linolin    •  •  •  •  - 

^^17%1^^^^3^3% 

1  878.784 

191.542 

Linolenin    •  •  • 

( Cj^  •jOlpgCOO  )  sCgHg 

1  872.736 

192.869 

Clupanodonin  »  » 

(Ci7H27C00)3C3H5 

866.688 

184.215 

Rioinolein  •  •  « 

tCl7H32«OH,COO)3C3H5 

932.832 

180.444 

Dihy  d  roxy  a  t  ear  in 

i 

(<3l7H33(O«)2C00)3C3H5 

986.880 

170.562 
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f^^pplencntniy.  mS3,.-rh^  term  •saponification  or  saturation 
equlTalenf.  as  employed  by  Allen^    and  others,  indicates  the 
grams  of  fat  that  are  .aponifiable  with  one  equivalent  of  potas- 
.lu»  hydroxide  in  grams  (56,108):  i„  other  words,  the  gramo  of 
fat  saponifiable  with  1  liter  of  H/l    potassium  hydroxide. 

Saponification  equivalent  (sq)  -  56108  ag.  of  f:^f^ 

8  cTo,  m/i  alkali 

Saponification  number  (s)  s  ^^^QQ 

sq 

Ihe  lower  the  molecular  wei^t  of  the  fatty  acids  (or  esters) 
the  moir  alkali  will  be  required  to  satisfy  1  gram,  and  the  higher 
will  be  the  saponification  number.      The  presence  of  free  fatty 
acids  increases  the  saponification  number  and  unsaponif iable  ' 
matter  decreases  it*    The  najoplty  of  oils  and  fats  have  siponifl. 
cation  numbers  lying  between  185  and  200  with  a  mean  of  approxi- 
mately 193.    '5hile  the  numbers  for  different  products  are  quite 
Qharaoteristic  they  are  by  no  means  fixed  or  constant,  varying 
with  the  state  of  purity  and  rancidity.    The  oliaracter  of  an  oil 
or  fat  seoms  to  be  affected  also       natur?tl  conditions  such  as 
climate,  soil,  food  supply  and  other  factors  influencing  formation 
OP  production,  and  to  some  extent  by  method  of  separation  or 
preparation, 

l^ts  and  oils  containing  a  considerable  amount  of  the 
glycerides  of  the  lower  (volatile)  fatty  acids  and  of  myristin  are 
characterized  by  a  saponification  number  exceeding  200,    Among  the 

1  Coflsaeroial  Orgaualc  Analysis,  2,  pp.  15-16  (1910). 
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■ore  prominent  of  these,  testing  frora  210  to  290,  are  croton  oil. 
Bpindlc  tree  oil.  turtle,  dolphin  jaw.  porpoise  jaw  and  brown 
fish  of  the  blubber  oils,  several  of  the  tayristioa  group,  the 
coconut  oil  group  including  pala-nut,  coconut  and  other  less 
ecnmon  oils,  the  Dika  fat  group,  Japan  wax  and  butter  fat.  Oils 
and  fats  containing  a  considerable  proportion  of  glycerides  of 
the  higher  fatty  acids,  particularly  hydroxy  acids,  are  character- 
ised \fy  low  saponifioation  numbers.    Castor  oil,  consisting 
largely  of  ricinoloin,  has  a  saponif iCFition  number  of  about  185, 
The  rape  oil  group  including  rape  (colza)  and  ▼arious  aaiotard 
oils  have  saponification  numbers  of  about  175,  on  account  of  the 
Xarse  proportion  of  eruoin. 

Liquid  and  solid  waxes  such  as  spezn  oil,  flax  wax,  wool  wax, 
^HWBwax,  spermaceti,  insect  wax,  etc*,  are  characterized  by  ex- 
tr«Mly  low  saponification  numbers,  from  80  to  140,  due  to  the 
large  proportion  (about  one-half)  of  aonobasic  alcohols  and  of 
hydrocarbons* 

MonoglyceridoB,  with  only  one  acid  radical,  and  diglyceridee, 
with  two,  hare  a  lower  saponification  masiber  than  tlie  correspond- 
ing triglycerides  with  three  acid  radicals. 


ACID  HtlHBlSH* 

The  acid  number  indicates  the  mllllgrame  of  potaeeium 
l^ydroxlde  required  to  neutralize  the  free  fatty  acida  in 
1  gram  of  an  oil,  fat  or  wax. 

SttaSiiis.—Alcohol.  redistilled,  free  from  acide  and 
aldehydes* 

U/lQ  potasaiua  (or  aodium)  hydroxide  solution. 
Phenolphthalein  aolution,  1  gram  to  100  c.c.  of  alcohol, 
neutralized. 

Alkali  blue  (6B)  solution,  1  gr?im  to  100  c.c.  of  alcohol. 
The  Indicator  ^ould  be  boiled  in  a  flask  under  a  reflux  con- 
denser  for  2  hours  and  then  filtered. 


&ifeal--Ten  gPa«8  of  fat  are  brought  into  a  300  c.c. 
Brl«»eyr  flask  together  with  loo  c.c.  of  alcohol  and  several 
glass  beada.    The  flask  is  oonaected  with  a  spiral  or  other 
fom  of  reflux  condenser  and  the  solution  brou^t  to  boil  on  a 
»»ter  bath  to  Insure  solution  of  the  free  fatty  acids.  The 
boiling  should  not  be  prolonged  as  esterif ioation  is  likely  to 
result.    The  flask  is  then  placed  In  a  water  bath  at  60^  c, 
and  the  solution,  after  cooling  to  th^t  temperature,  titrated 
with  B/10  alkali,  using  1  c.o.  of  phenoli^thalein  as  indicator, 
to  the  appearance  of  a  pink  tint.  alkali  is  preferable 

for  high  percentages  of  free  acids,  preventing  unnecessary 
dilution  and  cooling  of  the  solvent  iriiicli  otherwise  al^t  cause 
partial  hydrolysis  of  the  resulting  soap^    if  the  alcoholic 
strength  fell  below  40  percent^.      In  practical  work  tlie  miniraua 
strength  should  be  50  percent  to  insure  safety.    As  the  change 
In  color  with  phenolphtJialeln  is  gradual,  in  zaany  Instances 
without  a  sharply  defined  end  point,  alkali  blue  (1  c,o.)  offers 
certain  advantages  in  anoti  oases  aa  it  yields  a  pronounced  red 
and  ia  more  decisive.    The  coloration  is  not  peraanent  with 
either  indicator  because  of  tJie  saponification  of  neutral  esters 
and  the  decolorising  action  of  carbonic  acid  absorbed  from  the 
air  on  shaking.    Thorough  shaking  during  titration,  however,  ia 
essential  although  the  color  persists  for  only  a  short  time. 


1  On  diluting  a  solution  of  neutral  alkali  palmitate  or 
stearate  (HCOGK),  a  salt  containing  more  than  one  equivalent  of 
fatty  aoids  to  one  of  alkali  is  produced,  and  the  ratio  tends  to 
increase  with  greater  dilution,    neutral  oleate,  however,  requires 
a  larre  quantity  of  water  and  low  teraperature  before  it  will 
hydrolize. 

2  Kanits,  Ber.  Beut.  ^em,  Oesell..  1903,  p.  400.   (Prom  Lew- 

kowitsoh). 


Several  blank  determinations  should  be  run  on  the  alcohol  with 
every  series  of  teats  and  deducted.    Redistilled  alcohol  should 
be  practically  neutral  or  can  be  made  so  readily  by  the  addition 
of  alkali. 

One  c.c.  H/lO  alkali  is  equivalent  to  5.6108  milligrams  of 
potaseiiim  hydroxide. 

LlBit  of  error,  0.10  acid  nianber. 

Synopsis  of  Reaction."'- 

RCOOU      KOH  :    RCOOK  i- 
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Supplemyitai:Y  Hojfeaa.-Koettatorfer  wcprcsscs  the  acidity  in 
cubic  centimetersof  5/1  potaaaium  hydroxide  required  for  100 
srmmm  of  fat  aa  •degrees  of  acidity"  .      Stookneierl  reporte 
"degrees  of  rancidity-  in  the  aaoe  aanner,      H/lo  alkali  and  10 
grams  of  fat  are,  howoTer,  more  convenient  amounts  with  i^i<di 
to  voile. 

1<»  rancidity  z      .56108  acid  number. 
1  acid  n\BaT)er  •    1.78228»  rancidity. 
The  amount  of  free  acids  in  lubricating  oils  is  sometiEBOs 
reported  In  tems  of  sulfuric  anhydride  (3O3). 

The  aoid  ntmber  of  oils  and  fats  varies  with  the  purity, 
age,  and  the  amount  of  hydrolysis  and  of  oxidation  they  hare 
undergone.    Contact  with  fermenting  or  decaying  laatter  »u<^  as 
anli&al  tissue,  easela  of  butter  and  the  raarc  of  fruits  tends  to 
rapidly  Increase  the  aaount.    Acidity  is  not  a  measure  of  ran- 
cidity, as  hydrolysis  isay  result  froa  the  action  of  enzymos  in 
the  presence  of  moisture  without  accoapanying  oxidation  which 
appears  necessary  for  the  production  of  strong- celling,  acrid- 
tasting  bodies  that  characterize  rancid  products.    Rancidity  is 
apparently  due  to  the  simultaneous  action  of  oxygen  and  of  li^t 
on  free  fatty  aoids.    Rancidity  doTolops  acre  readily  in  liquid 
oils  in  which  olein  predominates  than  in  the  solid  fats  which 
are  oonposed  raore  largely  of  paliaitin  and  stearin.    Frei^  anisial 
fats  are  praotioally  free  from  acid,  vdiile  vegetable  oils  seen  to 
contain  a  snuill  amount.    Relatively  large  amounts  of  free  fatty 


1  Abstract,  Vrtljsohr.  Chem.  Hahr.  u,  Genusamtl.  4,  pp.  428- 
429,  (1889). 
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acids  ar«  sometimes  found  in  com,  scarme,  peanut,  rice,  olive 
(especially  "bagasse"  olive  oils),  and  Japanese  sardine  oils, 
in  the  so-called  vegetable  butters  and  tallaws  and  other  vege- 
table  fats  particularly  palm  oil,  and  in  bone  fat.  beef  tallow 
and  butter.    The  amount  of  freo  fatty  aoido  in  waxes  is  probably 
smaller  and  the  variation  less  tlian  in  oils  and  fats,  although 
camauba  wax  and  especially  beos^  appear  to  contain  consider- 
able.    In  a  way,  acid  nutaber  indicates  "quality"  of  the  product. 

illneral  acids  w4ien  present  «ay  be  determined  by  shaking  out 
with  hot  water  in  a  separatoiy  funnel  and  ^  titrating  the  aolu- 
tion  when  cold  with  H/2  or  lS/10  alkali  (according  to  the  amount 
of  acids  present),  using  1  c.e.  of  methyl  orange  (l-lOOO)  as 
indicator.    Methyl  orange  is  not  affected  "by  carbonic  acid,  by  the 
Insoluble  fatty  acids,  and  only  to  a  lliaitcd  extent  by  the  soluble 
fatty  aoids,  and  is,  therefore,  well  adapted  for  the  purpose. 
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ESTER  (ETKER)  1SR«BI5R, 

The  ether  number  Indicates  the  lallligrame  of  potaesiua 
hydroxide  required  for  the  saponification  of  the  neutral  esters 
in  1  graua  of  an  oil,  fat  or  wax. 

The  ether  number  is  represented  by  the  difference  between 
the  »aponifioatian  and  acid  niabere.  and  in  cases  vAiere  there 
•re  no  free  fatty  acids  present,  is  identical  with  the  saponifi- 
cation number* 

^pp3,^en^]Qf.  laiat--*-  Hatural  fats,  both  animal  and  Tege- 
table,  contain  practically  only  triglycerides,— neutral  glyceryl 
esters.    These  glycerides  may  occur,  however,  to  a  considerable 
extent  as  complex  molecules  (mixed  triglycerides)  instead  of 
sirjiple.    mie  coeposition  of  mixed  glycerides  is  difficult  to 
determine  as  they  appear  to  suffer  intraraolecular  (Ganges  on 
being  treated  with  a  solvent. 

Monoglycerides  and  diglycerides  apparently  never  occur  in 
nmture  or  to  any  apprecialbe  amount  in  freshly  prepared  oils 
and  fats*    Lewkowitsch  asserts  that  the  presence  of  free  fatty 
acids  imdieates  previous  hydrolysis  of  the  triglycerides,  and 
hydrolysis  conditions  the  presence  of  monoglyoerides  and  di- 
glycerides; therefore,  the  so-called  ether  number  loses  its 
definite  character  as  free  acids  increase. 
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CALOULAnSD  iJATA  IRQM  SAPOHmCATIOH,  ACID  ArfD  BTR^  JTOITORS. 

Glycerol. >- In  the  saponi float ion  of  any  triglyceride,  3 
■oleoules  or  168,384  oarte  of  potassium  hydroxide  combine  with 
1  molecule  of  fat,  setting  free  1  molecule  or  92,064  parte  of 
glycerol;  therefore  1  graa  of  potassium  hydroxide  ia  equivalent 
to  « 54695  graa  of  glycerol* 

(RC00)3C3H5  +  3K0H  ,  GsHsCOH)^  4  3RC00K 

fat         alkali      glycerol  salt 

The  percentage  of  glycerol  (Q)  can  be  calculated  fro;o  the  ether 
number  (e)  \y  means  of  the  fomula^: 

G  •  ,00054695  e  (l) 
This  formula  is  not  applicable  in  the  case  of  f-ite  containing 
monoglycerides  and  diglyoerides.    The  hi/:!ihGr  the  saponification 
miBber  or.  In  other  words,  the  lover  the  mean  laoleoular  weight  of 
the  constituent  acids,  the  greater  tlie  proportion  of  glycerol, 
Itaoglyoeridee  and  diglycerides  contain  a  lairger  proportion  of 
glycerol  than  the  triglycerides. 

Tot^al  y^tty  Acid^,«*In  the  saponification  of  a  fat,  3  faole- 
culea  or  54*048  parts  of  water  are  required  for  every  raolecule  or 
92.064  parts  of  the  glycerol  separated, 

(EC00)3C3H5  t  3H2O  «  C^Hsi OH) 3  +  3HG00H, 
54,048  92.064 

The  percentage  of  total  fatty  acids  (T)  in  1,00  part  of  fat  can  be 
calculated  from  the  percentage  of  glycerol  (G)  by  means  of  the  formula'^ 


1  Zulkowski,  Ber,  Iteut.  Chen.  Gesell,  16,  p.  1140. 

2  Loco  citato,  p.  1315. 
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T  •  1,00  +  M«M8  0  .  0  or 
92.064 

1.00  -  ^aSlIk  G 
92 « 064 

and  subatituting  the  ralue  of  glycerol  in  terms  of  ether  number  (e); 
T  z  1.00  -  (5|a§|^  X  ,00054695  e)  or 

W«-  •□64 

1.00  -  .00022585  e  (2) 

In  other  words,  aasumlns  a  ^at  to  be  oofaposed  of  a  mixture  of  tri- 
glycerideii  and  free  f»itty  acids,  if  th*-    group    jjHo  in  on  amount 
proportional  to  the  glycerol  content  be  deducted  from  1.00,  the 
percent  of  total  fatty  acids  may  be  obtained. 

(RCOO)303H5  ♦  RCOOH  -  C3H2  m  4RC00H 

T  -  1.00  -  ^t,Q\^  G  or 
02.064 

1.00  -  .00022585  e  (2) 
In  case  of  fats  containing  appreciable  aiaounts  of  unsaponif iable 
natter,  proper  correction  should  be  made  for  the  sauie. 

Meu^ya^^:^a^^9r^  Hiyabey  ^  4Qleoul^y  lej^  ^f  Total  gatty 

Ac jc^ a. "-The  neutralization  nuraber  (n)  and  mean  molecular  weight  (m) 
of  the  total  fatty  acids  (T)  can  be  calculated  from  the  ether  (e) 
and  mponif ication  (s)  numbers  by  means  of  tlie  formulas: 

n  or 

T 

1.00  -  .00022585  e 
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Icut^ral^^atAon  Bffibas        Mgaa  Molecular  of  ^ttv 

^^ia  HsiiiSal  ^..-The  molecular  weight  and  noutrali.a. 

tion^Cm)  of  the  acld»  in  the  neutral  fat  can  be  calculated  fro« 
the  ether  nuaber  (e)  and  the  percentage  of  neutral  fat  (F)..deter. 
mined  either  graylsietrically  or  by  differenoeL-by  the  fomulae^: 

Molecular  Weight  of  Neutral  Fat  =    3  x  56108  x  if  or 

e 


Holeoular  Weight  of  3eutral  Fat  s 


5mx  ♦  38.016  s 


168324  y 


3  (mi  -  H)  f  Cj^Hs  or 

3  (mx  -  1.008)  ♦  41.04  or 
+  38.016 

1683P.4  9 
9 


n^  a 


sQioa 


(5) 

(6) 


The  neutralization  nuaber  (ni)  and  molecular  wei;?Jit  (mi)  of 
the  acids  in  th^  neutral  fat  can  also  be  calculated  from  the  ether 
nisttber  (e)  and  the  percentaf^e  of  total  fatty  acids  (T)  and  free 
fatty  acids  (A)  by  the  formula: 


"1' 

mi  •  56108 
"1 


(7) 

(8) 


Fatty,  Acids  and  Olyccrol  in  Neutral  ?at^ — The  fatty  acids  (N) 
and  glycerol  (C)  in  neutral  fat  can  be  calculated  from  the  percentage 


1  The  unsaponif iable  matter  is  a  source  of  error  unless  deducted. 

2  Vrli^t,  Analysis  qif  Oils,  eto.^  _P«  130  (1903)  . 
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Of  neutral  fat  (f )  and  the  aean  molecular  weight  (mi)  of  the  fatty 
aeids  in  the  neutral  fat^j 

If  » 

"    2tox  +  G3H2    ^  ^ 

3mi  +  38.016  ^"^^^ 

The  amount  of  glycerol  (G)  required  for  combination  with  the 
fatty  acids  to  fona  neutral  fat  (^)  can  also  be  calculated  fr«B 
the  amount  {M)  and  molecular  weii^t  (mi)  of  the  acids  of  neutral 
fat  by  the  forsula: 

^l*  xH  or 

aai  ♦  58.016  „ 
3bi 

-    3mi%  0382    ^  ^ 


3mi  +  38.016 

Substituting  the  value  of  S  in  terms  of  mi  and  H 

G  *  9''^064         ^  5bi j»  38.016    ^  ^ 

*  +  58.016  3bx 

.     ^     X  »  (11) 

Hae  total  fatty  acids  are  equal  to  the  sura  of  the  fatty  acids 
In  the    neutral  fat  and  the  free  fatty  acida. 


1  A  dose  approximation  can  usually  be  obtained  lay  using  the 
aaan  molecular  velglit  of  the  total  fatty  acids. 
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Percentage  of  Fatty  Aoids  and  Glycerol  In  Triglycerld 


Glyoeride . 

Formula. 

Fatty  Acids. 
(Per  Gent), 

Glycerol . 
(Per  Cent). 

I 

Aoetin 

(CH3COO)3G3H5 

82,570 

42,210 

Hutyrln  ..•,.,! 

(C5H7C0O)3C3H5 

87.421 

30.464 

Valerin 

CC4H9C00)3C3U5 

88.957 

26,743 

Gaproin 

90.159 

23,832 

Capxylin 

CC7Wi5COO)3C3H5 

91.918 

19.571 

Oaprin 

93.144 

16.603 

Laurin 

(CiiH23COO)3C3H5 

94.047 

14.417 

lyrist  in  

(Cx3H27G00)3C3H5 

94.740 

12.739 

Palaitln  •••«•. 

{Cl5H3^COO)3C3H5 

95.288 

11.411 

Stearin  •••••• 

(Ci7H35G00)3C3H5 

95,733 

10.334 

Araohih 

96.101 

9.443 

Oleln 

95.704 

10.405 

Kruoin 

(C2lH4iC00)3G3K5 

96.390 

8.743 

Linolln 

95.674 

10.476 

Llnolenln    •  *  »  «  • 

{Cl7R29<^)3<^3^5 

95.644 

10.549 

Clupanodonin  •  •  •  • 

^  ^17^27^^^  ^3^^5 

95.614 

10.623 

Bloinolein  •  •  •  •  • 

.(Gi7H32.0H,COO)3C3H8 

95.925 

9.869 

Dlhydroxy stearin  *  • 

'(Ci7H33(OH)20OO)303H5 

'    -■  ■    1  1  1  1 

96.148 

! 

,J  1,   1           1                     1-   1  ■ 

9.329 

i 
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»ree  fktty  AoidB.-The  acid  number  (a)  oan  be  readily  con- 
Terted  into  percentage  of  froe  fatty  acids  (A)  expressed  ao  oleic, 
as  sulfuric  anhydride  (SO3),  as  an  aastiwed  acid  with  a  molecular 
weigjit  determined  by  foi«ula  (4),  or  as  the  acid  of  any  other 
molecular  wei^t  (^2). 

56ior  ^^2) 
Wien  the  free  aoid  or  the  predominant  acid  In  a  mixture  is  known, 
it  ia  often  desirable  to  report  acidity  in  terms  of  that  acid.  In 
such  cases  it  is  preferable  to  calculate  the  percentage  directly 
from  the  titration  by  faotot  ,0001  of  the  molecular  weig^it  of  the 
aoid  (monobasic)  for  an  n/lQ  solution,  or  .001  for  N/l. 

the  pereent  of  acidity  (A)  oan  also  be  calculated  from  the 
add  ntfflBber  (a)  and  the  neutralization  number  (n)  of  the  total 
fatty  acids^* 

A  s  a  (13) 

n 

The  amount  of  free  fatty  acida  can  be  estimated  approximately 
from  t>ie  aoid  number  (a)    and  saponification  nisnber  (s): 

A  .  a 

s 

geutral  ^at  and  Unsaponif iable  Matter.— 'The  neutral  fat  and 
unsaponif iable  matter  can  be  determined  by  difference— 1«00  minus 
the  percent  of  free  fatty  acids. 

Heutral  fiat  and  Free  gatt:y  A£4d£.— The  amount  of  neutral  fat 
(F)  and  free  fatty  acids  (A)  can  be  estimated  froia  the  ether 


1  Strictly  it  should  be  the  neutralisation  number  of  the  free 
fatty  acids*    The  number  of  cubic  centimeters  of  H/1  alkali  re- 
quired can  be  substituted  in  place  of  the  values    ^  and  j^. 
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niMber  (•)  by  aasuraing  an  arerag*  aaponif ioation  nijwbep  {s^)  for 
the  neutral  product  as  basis  for  the  calculation. 

•x 

am  ^felecHlay  ggj^         Saoonlf icatiop  Ifumber  of  Heutral 
i&kl.— The  molecular  weight  {aj)  of  the  amount  of  neutral  fat  can 
\m  <mlculated  from  the  ether  niraber  (e)  and  the  amount  of  neutral 
fat  (F)  by  the  formula: 

■5  ,    ^  ^  X  7  (14) 

or  from  the  mean  molecular  weig^it  (mi)  of  the  acids  of  the  neutral 
fat: 

mj  -  ♦  38,016  (15) 

See  derlTation  of  formula  (5). 

Th©  saponification  number  (sj)  can  be  calculated  from  the 
molecular  wei^t  (m^)  by  means  of  the  formula: 


S3  s    3  3^,  5^1,9^ 
a3 


(16) 


SOLUaLS  jPATTT  ACIX)3. 

The  soluble  fatty  acids  indicate  the  pcrcentnpe  of  fatty 
acids  in  an  oil,  f^t  or  wax,  that  ia  soluble  in  water"^. 

The  percentage  of  soluble  f,itty  ncids  can  be  readily  cal- 
culated by  difference,— Uie  total  fntty  acids  ninus  the  insoluble. 
It  ia  unnecessary  to  laake  the  actual  deterraination  in  most  In- 
stances.   'Jhen  desired  for  sooe  particular  purpose,  however,  the 
test  may  be  carried  out  as  follows: 

Reagents.  —Alcohol .  redistilled,  free  frora  aolds  and  alde- 
hydes* 

Alcoholic  potash  solution,  50  c.c*  of  a  saturated  solution 
of  potassium  hydroxide,  free  fron  carbonate,  to  1000  c.c.  of 
alcohol.     The  alkali  should  be  added  to  the  alcohol  slowly,  with 
agitation,  in  order  to  prevent  any  appreciable  rise  in  temperature. 
The  solution  should  be  allowed  to  stand  at  least  24  hours  and 
filtered  immediately  before  use. 

H/2  sulfuric  acid. 

M/2  potassium  (or  sodium)  hydroxide. 

Hienolphthalein  solution,  1  gram  to  100  c.c.  of  alcohol, 
neutralized. 


1  T>iis  may  mean  either  hot  or  cold  water,  according  to  the 
method  employed • 


-  2>8  - 


H«iii2i«— grarao  of  fat  are  brou/s^it  Into  a  300  c.c. 
Kplenraeyer  nask  together  with  50  c.c,  of  nlcohollc  potash, 
accurately  measured  with  a  burette,  and  50  c.c.  of  alcohol. 
The  flask  is  connected  witJi  a  spiral  or  other  form  of  reflux 
condenaer  and  the  solution  boiled  on  a  water  bath  with  occasional 
rotating  of  the  contents  until  saponification  is  complete,— 
about  60  minutes.    The  condenser  ia  then  remoTed  and  the  flask 
placed  in  a  water  bith  ( Immersed  In  the  water)  and  the  alcohol 
evaporated  at  a  gradually  increasing  temperature,  care  being 
taken  to  prevent  spattering.    The  last  traces  of  alcohol,  occluded 
in  tlie  soap,  are  expelled  by  breaking  up  the  dry  cake  or  by  dissolv- 
ing it  in  water  and  continuing  tha  heating.    'Writer  to  a  volume  of 
100  c.c.  and  1  c.c.  of  ll/2  sulfuric  acid  in  excess  of  t>iat  required 
to  neutralize  the  50  c.c,  of  alcoholic  potash  are  added  and  the 
flask,  connected  with  a  siiral  condenser,  heated  on  a  water  bath 
until  the  separated  fatty  acids  nnd  underlying  liquid  become  clear. 
from  this  ooint  the  process  is  conducted  the  sane  as  for  insoluble 
acids  using  a  spiral  condenser  to  prevent  loss  of  volatile  acids. 
The  combined  filtrate  and  washings  are  titrated  with  11/2  potassium 
hydroxide,  using  nhenolphthalein  as  indicator.    The  difference 
between  the  titration  of  the  test  and  that  of  the  excess  N/2  acid 
(1  CO.)  is  the  alkali  equivalent  of  the  soluble  aciia  in  the  fat 
taken  iriilch  should  be  calculated  to  milligrams  of  potassium  hydrox- 
ide for  1  gram  of  fat. 

One  c.c.  of  H/2  alkali  is  equivalent  to  28.054  lailligraius  of 
potassium  hydroxide. 
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The  percentage  of  soluble  fatty  acids  (S)  is  calculated 
from  the  number  of  lailligraiae  of  potiaeiura  hydroxide  (k) 
required  to  neutralize  the  soluble  acids  in  1  gram  of  fat 
and  the  determined  (or  estimated)  neutralization  number  (n) 
of  the  soluble  acids  )sy  the  formula: 

S  2  ^ 

a 

Liait  of  error,  0,25  percent  soluble  acids. 
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Supplementary  Motes^.-'me  solubility  of  acids  of  the  acetic 
series  decreases  trith  the  increase  in  nuiaber  of  carbon  atoraa  in 
the  molecule,    l-he  so-called  soluble  acids  include  caprio  and 
all  acids  of  less  carbon  atosis. 


Acid. 

Soluble  in  100 

parts  of  Water. 

15®  C. 

100«  G. 

Acetic 

T.8, - 

CO 

flO 

Butyric 

m 

00 

Valeric 

s. 

3.70 

C^proio 

.882 

Caprylio 

i. 

«079 

.25 

Capric 

1. 

ins. 

i   

.10 

Laurie  is  classes  as  "insoluble*  althou^^  sli^tly  soluble 
in  boiling  water. 

A  soluble  dibasie  acid  occurs  in  Japan  wax  which  is  not 
▼olatile* 


1  Solubility  based  on  Mulliken*8  classification.  Identifi- 
cation of  Pxire  Organic  Coiapounds,  1,  p.  38  (1911). 

1  Gram  in  o.c;  Grams  in  100  c.c 

Very  soluble                                5  20 

Easily  soluble,                              n-20  ^0-5 

Soluble                                        20-50  5-2 

Difficultly  soluble,     .  .  .      50-150  2-. 66 

Very  difficultly  soluole,  .    150-500  .66-. 2 

Insoluble.                            ,    500-over  .2  - 
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Heutrallzation  Number. '»»'nie  neutralization  number  indicatea 
the  ailligraas  of  potassium  hydroxide  required  to  neutralize  1 
gram  of  soluble  fatty  acids • 

The  difference  between  the  aaponif ication  number  (s)  of  the 
fat  and  the  product  of  the  percentage  of  insoluble  fatty  aclde 
(I)  times  their  neutralization  nmaber  (ni)  indicates  the  milli- 
grams  of  potaeaium  hydroxide  required  to  neutralize  the  soluble 
fatty  acido  in  1  gram  of  fat,  uSiich,  divided  by  the  percentage 
of  soluble  fatty  acids  (3),  gives  the  neutralization  number  (n) 
of  the  soluble  fatty  acids. 

S 

Mean  Molecular  iyeight.-»The  moleculaaE"  wei^t  (m)  of  the 
soluble  fatty  adds  oan  be  calculated  from  the  neutralization 
noBber  (n)  by  means  of  the  formula; 

B 


Seutrallsation  Sumbers  of  Soluble  Fatty  AoidB. 


Acid. 

Formula . 

Weight. 

eutrai  i2iat  1  on 
]?um"ber. 

Aoe'tlo     ^  .   ^   .   .  ' 

OU  •  U«3«S 

934.635 

C3H7COOH 

88.064 

637.128 

102.080 

549.647 

116.096 

483.290 

CyHj^gCOOH 

144.128 

389.393 

C9H19COOH 

■  172.160 

1 

1  325.906 

i 
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Glyoerides  of  §oluble  Pa^t^y  Aoia8,..The  amount  of  triglycer- 
i(l«s  (Sg)  can  be  calculated  from  the  amount  (s)  and  molecular 
well^t  (m)  of  the  at»luble  fatty  acids  \3y  the  formula: 

Sg  ,  ,  3  or 

Qlye^ro^,  1^  the  Glyoerldea  of  Soluble  Acids.— The  amount  of 
glycerol  (G)  required  for  coabination  with  the  soluble  acids  to 
form  triglycerides  (Sg)  can  be  calculated  fran  the  amount  (S)  and 
BOlecular  weight  (m)  of  the  soluble  acids* 


Substituting  the  Talue  of  the  glycerides  in  ternis  of  m  and  S: 

0  .   92,06^        ^    3P  *  38^01^  x  3  or 

3m  ♦  38.016  3a 

XS 

See  table  *P6rcentage  of  Tatty  Acids  and  Glycerol  in 
Triglycerides'*  • 


jHolecular  Wei<ait  an^  Saponification  Tlmaber  of  the 
Ol^y^rides  of  the  Soluble  Acids.— The  aean  aoleculfir  weight  (03) 
and  eTiponlfioation  number  (s^)       ^«  glycerides  of  the  soluble 
acids  can  be  calculated  from  the  "lolecular  wei^t  (m)  of  the 
soluble  acids. 
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a  3ra  38.016 

Bg    -  3  X  56108 
ra2 

See  table  "Saponification  Number  of  Triglycerides'*. 

Prora  the  above  formulae,  the  following  factora  ivere 
deduced  for  the  soluble  acida  enumerated  below.    The  percent- 
age of  triglycerides  and  of  glycerol  imiy  be  calculated  more 
easily  from  the  amount  of  fatty  acida  by  means  of  the  factors. 


Acid. 

Factor  for  Percent 
of  Triglycerides. 

Factor  for  Percent 
of  Glycerol. 

1.21109 

.51119 

1.14390 

.34847 

1.12414 

.30063 

1.10915 

.26433 

1.08792 

.21292 

1.07361 

.17825 
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GljLceridee  of  soluble  gattj^  Acids.-The  amount  of  tri- 
glycerides  (Sg)  can  also  be  calculated  from  the  arnount  (s^  of 
soluble  fatty  acids  and  the  milligrams  (k)  of  potassium 
hydroxide  required  to  neutralize  the  soluble  acids  in  1  gram 
of  fat  by  the  formula:-- 


.2258  k 


.2358  k  +  S 


1: 
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RSlCHSHT-iCSISSL  HUMBKR. 

The  Reichert-Meisal  number^  indicatos  the  cubic  centimeters 
of  N/10  potassium  hydroxide  required  to  neutrrilize  that  portion 
of  the  vol-itile  fatty  acids  which  is  obtained  from  5  gfams  of  an 
oil,  fat  or  vrax  by  the  Reichert  distillation  process-. 

Reafien  1^8.  — Glycerol  potash  solution.  120  grama  of  Dotassiun 
hydroxide  free  frora  carbonate,  to  1000  c.c.  of  pure  glycerol, 
heated  sufficiently  to  disoolve  the  alkali  (about  105''  a). 

Sulfuric  acid,  1  to  4. 

N/10  potassium  (or  sodium)  hydroxide  solution. 
Phenolphthalein  solution.  1  gram  to  100  c.c.  of  alcohol, 
neutralized. 

Glass  beads,  weighing  approximately  .5    gram  each. 


1  The  Reichert-^^eissl  nuinber  is  about  2,2  times  aa  great  as 
the  Reichert.      Lewkowitach,  Analyais  of  i-ils,  Fata  and  ^axes,  1, 
p.  417  (1913). 

2  Ztachr.  Analyt.  Chera.  18,  pp.  60-73  (1879), 
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Me^iod.-.Into  an  Hlrleniaeyer  flaok  of  300  c.c.  capacity  are 
l)Pou0it  5  grania  of  f  it  (care  being  taken  to  avoid  ,^ettin;^  any 
fat  on  the  sides  of  t)ie  flaak).  tof^ether  with  20  c.c.  of  glycerol 
potash  and  heated  over  a  small  naked  flane.  rotating  continuoualy. 
until  the  saponification  is  complete .  as  shown  oy  the  Mixture 
becoming  perfectly  clear.     Care  should  be  takeu  not  to  overheat 
and  discolor. the  .aaterial.     The  soap  when  cold  should  be  abso- 
lutely free  from  globules  of  fat.    Twenty  grams  of  glass  beads, 
135  c.c.  of  recently  boiled  distilled  water  and  5  c.c.  of  sul- 
furic acid  (1-4)  are  added,  and  the  flask  connected  with  a 
Licbig  condenser"'  .     The  mixture  is  heated  on  20  mesh  iron  gauze  at 
low  ebullition  until  the  separated  fatty  acids  and  underlying 
liquid  become  clear.      One  hundred  and  ten  c.c.  are  then  distilled 
as  nearly  ao  possible  in  30  minutes,  and  received  in  a  graduated 
flask.    The  flane  should  be  well  oxidized  to  induce  vigorous 
agitation  of  the  beads,  thus  assuring  a  more  thorough  separation 
of  the  volatile  acids.    The  distillate  ii5  thoroughly  mixed  and 
passed  throupji  a  dry,  dense  filter  to  remove  all  traces  of  higher 
fatty  acids  that  appear  as  oily  drops  or  trliite  solid  Tiarticles. 
One  hundred  c.c.  are  pipetted  into  an  Erlemaeyer  flask  and  titrated 
with  H/lO  alkali,  using  1  cc,"^    of  phenolphthctLein  as  indicator, 
avoiding  entirely  the  addition  of  water.     The  pink  coloration 
should  hold  several  minutes.     Care  should  be  exercised  at  all 


1  A  Vertical  condenser  with  a  rapid  circulation  of  cold 
water  is  advisable. 

2  A  definite  quantity  is  necessary  if  the  :Tiean  molecular 
weight  is  to  be  determined. 
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times  durinp;  the  proccaa  to  prevent  the  absorption  of  carbonic 
acid.     Blank  determinations  should  be  run  ^7ith  every  new  lot  of 
reagents.     The  titration  reading,  minus  the  blank,  inorerxsed  by 
one-tenth  and  reduced  to  a  5  gram  fat  basis  is  the  Rc4chcrt- 
He  Is  si  nuraber* 

Limit  of  error,  0.25  Heichert-Heissl  number. 

Synopsis  of  Reaction,-- 

(RGOO)3C3H5  +  3K0U  -     3RC00K  +  C^KstOHjs 
fat  alkali        salt  glycerol 

The  glycerol  acts  as  a  trfmsmitter  of  heat,  having  a  boiling 
point  of  290O  C, 

2RG00K  +  H2SO4  -     2RC00H  +  KgS04 
iJiatillatlon  of  the  volatile  acids.  Titration, 
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Supplementary  ^lotea.—Ao  this  method  is  only  an  arbitrary 
one,  it  is  essential  to   idhere  strictly  to  the  conditions  of 
operation  as  laid  down  if  comparative  results  are  to  \^  obtained, 
and  by  so  doing,  over  80  percent  of  the  soluble  acids  in  butter 
can  be  secured  in  tlie  distillate.     Jensen  states  that  the 
Heichert  process^  yields  with  butter  fat  m  to  88  percent  of  the 
total  butyric,  24  to  ^^5  T^ercent  of  the  canrylic.  and  85  to  100 
percent  of  the  capric  acids.    Repeated  distillation  yields  higher 
results,  but  is  accorapanied  by  decomposition  of  the  nonvolatile 
acids.     Glycerol  potash  ia  preferable  to  alcoholic  potash  in  that 
it  shortens  the  nrocesa  and  prevents  possible  loss  due  to  the 
foiroation  of  eaters  during  spponif ication.     Sodium  hydroxide  has 
greater  basicity  than  potassium  hydroxide,  but  the  resulting 
hard  soap  is  less  soluble.    The  fatty  acids  appear  to  have  prac- 
tically tlie  same  affinity  for  both  hydroxides. 

Acetic,  butyric,  valeric,  oaproic,  caprylic  and  capric  are 
the  only  fatty  acids  that  can  be  distilled  under  ordinary  pressure 
without  decomposition.     These  acids  have  comparatively  hi/jh  boil- 
ing points,  as  shown  by  the  following  table,  but  o\7ing  to  their 
hi^  vapor  tension  they  can  be  readily  distilled  from  aqueous 
solutiona  with  steam,  and  are  termed  "volatile"  acids. 


Acid 


Boiling  Point.  {«»C.) 


Acetic  acid,    118.1 

Butyric  acid,    162,3 

Valeric  acid.    186.0  to  186.4 

Caproic  acid   202,0  "  203.0 

Caprylic  acid   P36.0  "  237.0 

Capric  acid.    268.0  "  270.0 


1  Ztschr,  Untersucli.      '       u.   Genuosiiitl . .  1^05,  p.  272. 


The  boiling  ooints  rise  wiUi  the  increaae  in  molecular  wei^t. 
Laurie  acid  is  very  slip^itly  volatile  in  a  current  of  steorn. 
The  nonvolatile  acids  when  distilled  nt  ordinary  preaaurc 
undergo  partial  decomposition  and  yield  hydrocarbons  of  the 
ethane  series,  ^.nd  possibly  of  the.  ethylene  and  aroraatic  series 
as  in  the  case  of  glycerides.       In  vacuo  they  can  be  distilled 
with  or  '.vithout  superheated  steara, 

?^l03t  of  the  natural  fats  and  oila  contain  but  a  small 
amount  of  volatile  (soluble)  fatty  acids,  f^encr^lly  below  2, 
Reichert- "eiasl  number.      Some  prominent  exceptions  have  already 
been  enumerated,  being  cl-iaracterized  by  saponification  nurabers 
exceeding  210.     See  supplementary  notes  under  •'Saponification 
Number**.    The  hi^  Reichert-r'eissl  numberB  of  dolphin  and  por- 
poise oils  may  be  due  to  valeric  acid.    The  amount  of  volatile 
or  soluble  acids  in  those  oils  ^ind  fats  whose  saponification 
number  does  not  exceed  195  is  inappreciable, 

Aaong  the  oils  and  fats  with  a  high  volatile  acid  content 
raighit  be  raentioned^  myrtle  seed  oil,  oroton  oil,  oleander  oil, 
senega  root  oil,  lycooodium  oil,  apeiba  oil,  dolphin  oil, 
macassar  oil,  muriti  fat,  mocaya  oil,  palm  kernel  oil,  coconut 
oil  and  tonka  butter  having  Heichert-Meissl  numbers  beti^reen  5 
and  15,   and  spindle  tree  oil,  hialukang  oil,  dolphin  jaw  oil, 
porpoise  |>Q«ty  oil,  porpoise  jaw  oil,  brown  fish  oil  and  butter 
fat  having  Reichert-  ^eisol  numbers  ranging  from  25  to  50  or 
even  greater  in  some  instances. 


1  Lcwkotitsch,  Analysis  of  Oils,  Fats  and  Waxes,  1,  p.  423 
(1913). 
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The  amount  of  volatile  acids  is  likely  to  increnae  wit>i 
the  age  of  the  sample. 

The  reaults  of  Wechslerl  and  other  investigators  indicate 
that  volatile  acida  of  higher  molecular  wei^^t  distill  over 
before  the  lover  acida,  especially  in  oases  where  the  neutrality 
of  the  solution  is  destroyed  gradually  by  several  additions  of 
acid  instead  of  one,  Ums  fractionating  the  distillates . 


1  Jour.  Soc.  Ohera.  Indus.,  1894,  p.  17y.    (Froa  Lewkowitsch )  • 
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VOLATILE  AC IDS < 


The  percentage  of  volatile  aoida  (V)  oan  be  calculated 
from  the  Relchcrt-Meissl  number  and  the  neutralization  number 
(n)  of  the  Tola  tile  acids  by  the  following  formula: 


V  -    0*2  R-M.  Ho,  X  5.6108 
n 


Formulus  for  calculating  the  amount  of  triglyceridea  of 
the  volatile  fatty  acids,  the  aean  i^oleoular  weight  and  eapon^^ 
flcation  number  of  the  triglycerides  and  glycerol  content  will 
be  found  xinder  like  headings  of  "Soluble  Acids*. 


-  54  - 


Th«  Polenske  nmber  indicates  the  c.o.  of  H/lO  potnssiua 
hydroxide  required  to  neutralize  that  portion  of  the  insoluble 
TOl&tile  acids  which  is  obtained  from  5  grams  of  an  oil,  fat 
or  wax  by  the  Reiohert  distillation  proceas. 

Reagent  a. Glycerol  potash  solution,  120  grams  of  potassixim 
hydroxide,  free  from  carbonmte,  to  1000  c.c,  of  pxire  glycerol, 
heated  sufficiently  to  dissolTe  the  alkali  {about  105**  C,). 

Sulfuric  acid,  1-4. 

H/10  potassium  (or  sodium)  hydroxide  solution* 
Alcohol,  redistilled,  free  fron  acids  and  aldehydes. 
Hienolphthalein  solution,  1  graa  to  100  o«o»  of  alcohol, 
neutralized* 

Alkali  blue  (6B)  solution,  1  gran  to  100  o«c«  of  alcohol. 
The  indicator  should  be  boiled  in  a  flask  under  a  reflux  con- 
denser for  2  hours  and  then  filtered. 
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Maih2i.— The  method  oin  be  conducted  in  connection  vith 
th«  Reiohert-  ieisal  test  and  may  be  considered  supplemental^ 
to  lt»    A  Tertical  condenser  should  be  employed  with  a  oircu- 
lation  of  crater  adequate  to  chill  the  distillate  to  20®  0., 
and  the  test  carried  out  as  usual.    The  resulting  distillate 
is  chilled  15  minutes  at  15®  C,  carefully  nixed  by  reversing 
the  flask  several  tiiaes  (avoiding  any  shaking)  and  poured 
throu^  a  dry  11  cm.  filter.    The  condenser,  110  o.c.  flask 
and  filter  are  washed  three  times  in  succession  with  15  o.c. 
of  water  to  x^ove  soluble  acids,  and  t^ie  wash  waters  thrown 
away.    The  insoluble  volatile  acids  in  the  condenser,  110  c.o. 
flasl^  and  filter  are  dissolved  in  alcohol  and  titrated  with 
H/lO  alkali,  using  1  c.c.  of  phenol j^thale in  as  indicator. 
The  titration  reading  minus  the  blank,  reduced  to  a  5*gram 
iMtsis,  is  the  Polennke  number. 

Limit  of  error,  .10  Polenske  number. 

Synopsis  of  Reaction. Solution  of  insoluble  volatile 
acida  in  alcohol.  Titration. 
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^PP^y^^^nr  Saiea.— The  Polenakc  number  for  most  oils 
and  fata  having  a  saponification  niBabcr  of  about  195  rarely 
exoceda  .65  unless  the  product  la  exceasively  acid  or  ranoid.^ 
The  Polenske  number  of  butter  fat  is  about  2  to  3,  of  palm 
kernel  oil  10  to  12,  and  of  coconut  oil  15  to  20. 


1  Lewkowltach,  Analysis  of  Oils,  »ats  and  Vaxes,  I,  p.  426 
(1913), 
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IH30LUSLB  FATTY  ACIDS  AliD  U53AP0N1F1ABLT5  UATTKR^ 
(HBBKKR  irUUBSR)^. 

The  insoluble  fatty  acids  of  an  oil,  fat  or  wax  indicate 
(iinleae  otherwise  stated)  the  percentage  of  fatty  acids  and 
unsaponif iablc  matter  that  is  insoluble  in  water^« 

Reagents « -"Glycerol  potash  solution,  120  grams  of  potassixm 
hydroxide,  free  from  aarbonate,  to  1000  c.c.  of  pure  glycerol, 
heated  sufficiently  to  dissolve  the  alkali  (about  105** 

Sulfuric  acid,  1-4. 
Cereslne,  pure  ^ite,  filtered* 

Sthyl  ether,  anhydrous  and  free  from  alcohol  and  residue. 


1  Angell  and  Hehner,  Butter.  Its  Analysis  and  Adulteration, 
(1874 ) • 

2*Thi8  nay  ra^an  either  hot  or  cold  water  according  to  the 
otethod  enployed* 
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HaXii2i«— ^iv*  grama  of  fat  are  brou^t  into  a  300  c.c. 
Irleamcyer  flaak  together  with  20  c.c.  of  glycerol  potash  and 
heated  orer  a  mall  naked  flame,  rotating  continuously  until 
the  saponl  float  ion  is  complete,  as  shown  by  the  mixture 
becoming  perfectly  clear.    Care  should  be  taken  not  to  overheat 
and  discolor  the  raaterial.    The  resulting  ooap,  absolutely  free 
from  globules  of  fat,  is  dissolved  in  150  c.c.  of  hot  water 
and  decomposed  with  a  sli^t  (few  drops)  excess  of  sulfuric 
aoid  (l-4)^.      The  flask,  loesely  stoppered,'^    is  heated  on  a 
water  bath  with  occasional  agitation,  until  the  separated  fatty 
acids  and  underlying  liquid  become  clear.    This  requires  a 
number  of  hours,  generally  over  night,  and  must  not  be  sli^ted. 
The  flask  is  iimneraed  in  cold  water^    to  solidify  the  fatty 
acids,  after  which  the  solution  is  decanted  throu^  a  dense, 
ether^extraoted  filter 4,  care  being  taken  not  to  break  the 
insoluble  oake.    One  hxindred  and  fifty  c.c.  of  boiling  water  are 
added,  thoroughly  agitated,  heated  as  above,  cooled  and  decanted, 
the  process  being  repeated  until  the  washingt  are  free  from  acid. 
Litmus  paper  is  not  sufficiently  sensitive  for  this  purpose.  The 
final  150  CO.  of  filtrate  should  give  a  decided  color  with  3  or 
4  drops  of  H/10  alkali,  uoinc  phenolphthnlein  as  indicator.  In 
those  cases  where  caprylio  and  particularly  oapric  acids  are 
present  the  filtrate  will  often  give  an  appreciable  aoid  reaction 
after  15  to  20  washings.    The  treatment  should  be  continued  until 
the  acidity  of  the  filtrate  is  less  than  0.25  c.c.  l\/\0  solution. 


1  About  5  c.c.  are  required, 

2  A  reflux  condenser  ia  necessary  if  the  soluble  acido  are  to 

be  -plug-  sink  with  the  outlet  closed  with  a  per< 

forated  cork  carrying  a  piece  of  glass  tubing  to  regulate  the  height 
of  the  water  serves  quite  satisfactorily  as  a  chilling  bath. 

4  Baker  &  Maason  Cheaical  Co.,  12.5  c.m.  washed  filter  paper 
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1 


In  determining  the  insoluble  acids  of  oils  and  fats  having 
a  low  solidifying  point,  the  addition  of  .5  to  1  cram  of 
oeresine^  before  treating  with  sulfuric  acid  greatly  facilitates 
Bubsequent  woric  and  serves  to  protect  tiie  unsatiirated  acids  froa 
deoomposition. 

The  filter  and  inverted  flask  containing  the  ctike  of  insolu- 
ble fatty  acids  are  allowed  to  drain  in  a  cool  place  until  prac- 
tically dry,    A  convenient  filter  stand  for  both  filtration  and 
draining  is  illustrated  by  Wiley. ^     The  small  particles  of  fat 
auihering  to  the  filter  are  dissolved  in  ether  in  a  continuous 
fat  extractor^    run  into  the  flask,  and  the  ether  expelled  in 
the  usual  manner.    The  ether  fumes  are  vezy  persistent  and 
necessitate  blowing  out  the  flask  with  hand  bellows.    The  insolu- 
ble acids  are  dried  in  an  air  bath  at  100^  C.,  or  in  a  vacuus 
oven  at  70®  C,,  to  approximately  constant  weight.    At  100**  C, 
the  drying  periods  should  not  exceed  2  hours.    The  wei^t  of  the 
flask  is  detemined  at  the  completion  of  the  teat  to  offset  the 
solvent  action  of  the  reagents  on  the  glass.    Blanks  should  be 
run  on  every  new  lot  of  ceresine  to  determine  tlie  amount  (if  any) 
of  soluble  material  present* 

There  are  corapensating  errors  that  usually  result  from  this 
Btthod,  namely,  volatilization  of  fatty  acids,  dehydration  of  simple 
and  hydroxy  fatty  acids  with  the  formation  of  anhydrides  and  of  lactanE 
respectively , and  oxidation  of  unsaturated  acids^.    Drying  in  a 


I 


1  The  amount  required  varies  with  tlie  consistency  of  the  in- 
Bolutle  acids  that  are  being  determined, 

2  Foods  and  Pood  Adulterants,  U.  a.  Dept.  Agr.,  3ur,  c^era,, 

Bui.  13,  p.  457. 

3  An  apparatus  such  as  is  used  in  fodder  analysis.   

A  Saturated  acids  do  not  readily  absorb  oxygen.  Ons;itur»Jed 
acids  of  the  linolic  and  linolenic  series  absorb  oxyf^en  f'^om  the 
air  at  ordinary  temperatures  and  of  the  oleic  series  at  higher  ^ 
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Taouura  oven  at  70 *>        in  a  current  of  aarbonic  field  gas  or  even 
of  dry  air,  will  reduce  oxidation  as  well  as  dehydration  and 
▼olatilizatlon« 

Limit  of  error,  0.25  percent  inaoTuMe  fioids. 

uvnopalB  of  React iofir^Sliallar  to  those  of  Relohert-'ielssl 
number* 
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§»lffT?^^q^i|a.  l2iS£.— Differences  In  chemical  structure  of 
the  Insoluble  fatty  aolds  pemit  of  their  claaalf ication  into 
saturated,  unsaturated,  hydroxy  acids,  etc. 

The  principal  saturated  acids  are  laurio,  rayristic,  palmitic, 
stearic,  ara<*ilc  and  dihydroxy stearic, 

Itos  most  prominent  unsaturated  acida  are  oleic,  erucic, 
llnolic,  linolenic,  clupanodonic  and  ricinoleio.    \"!hen  these  acids 
are  compared  with  the  empirical  formula  for  saturated  acids, 
^n^n+l^^^^  a  deficiency  of  2,  4,  6.  or  8  atoms  of 

hydrogen,  whicJ-i  indicates  their  power  to    absorTo       iodine  chloride 
with  the  formation  of  additive  compounds.    Members  of  the  chaul- 
moogric  and  tarirlc  aeries  constitute  an  exception  to  the  above 
statement.     (See  •Calculated  Data  frora  the  iodine  Humber".). 
Unsaturated  acids  containing  an  o^en  chain  of  18  carbon  atoms 
(oleic,  llnolic,  linolenic  acids,  etc.),  are  reduced  by  hydrogen  in 
^e  presence  of  a  suitable  catalyzer  (nickel  or  colloidal  palladium) 
to  stearic  acid*  . 

Dihydroxy stearic  and  riclnolcic  acids  are  hydroxy  acids  which 
on  acetylation  assimilate  an  acetyl  radical  (ClijCO)  in  place  of  the 
hydrogen  in  every  alcoholic  hydroxyl  group, 

Most  fats  and  oils  contain  from  93  to  96  percent  of  insoluble 
acids,  with  a  mean  of  approximately  95,    Q(me  notable  exceptions, 
having  saponification  numbers  exceeding  210  and  a  high  volatile 
acid  content,  have  already  been  mentioned*    The  fatty  acids  are 
practically  all  insoluble  where  tlie  saponification  number  of  an  oil 
or  fat  does  not  exceed  195.     Groton  oil  contains  about  89  percent 
of  Insoluble  acids  and  unsaponif iable  matter,  dolphin  jaw  oil  66 
percent,  porpoise  Jaw  oil  70  percent,  brown  fish  oil  85,5  percent. 
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laurel  oil  83.5  to  87  percent,  palm  nut  oil  87.5  to  Jl  percent, 
coconut  oil  88  to  90  percent,  Japan  wax  90.5  percent  and  butter 
86.5  to  90  percent. 

In  liquid  waxes  the  amount  of  insoluble  fntty  acide  free 
from  alcohols  and  hydrocarbons  varies  from  60  to  65  percent, 
and  in  solid  waxes  from  47  to  60  percent. 

The  acid  content  of  palmitin  ia  95,29,  stearin  95.73, 
olein  95^70 ,  linolein  95.67,  and  linolenln  95.64  percent; 
therefore,  the  percentage  of  insoluble  acids  in  most  oils  and 
fats  free  from  appreciable  amounts  of  the  lower  fatty  acids  and 
of  unsaponifiable  matter  oiust  be  in  the  vicinity  of  95. 
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PRKPARATIOH  Q?  IHaOUJBLK  ACIDS* 

the  method  fop  preparing  Insoluble  fatty  acids  for  analysia 
is  the  amnm  as  described  for  the  determination  of  "Insoluble 
Fatty  Acids  and  tlneaponifiable  Matter*,  with  the  elimination  of 
such  features  as  are  necessary  only  for  quantitative  woric*  Kleren 
c.c.  (10  grains)  of  the  laelted  fat  or  oil  are  pipetted  into  a  3oO  c.e. 
Krlemneyer  flask  together  with  40  c.c,  of  glycerol  potash  and 
saponified.    The    resulting  soap  is  dissolved  in  150  c.c.  of  hot 
vater  and  deoaaposed  with  a  sligjit  esccess  (few  drops)  of  sulfuric 
acid  (l»4),  heating  on  a  water  bath,  with  oaoasional  agitation, 
until  the  separated  fatty  acids  and  underlying  liquid  become  clear. 
Several  such  charges  will  furnish  sufficient  material  for  the 
analysis.    The  fatty  acids  raay  be  washed  as  described  under 
"Insoluble  Ratty  Acids  and  Unsaponif iable  Matter",  or  the  contents 
of  the  flasks  transferred  to  a  separ^tory  funnel  and  washed,  byj 
shaking  out  with  hot  water^,  until  free  frcja  aoluble  acids.  The 
latter  raodifioation  has  some  advantages  particularly  for  insoluble 
aoids  of  low  melting  point.    Thorou/?^  washing  may  not  alimys 
insure  the  entire  removal  of  caprylic  and  capric  acids  when  present, 
but  ^e  treatment  should  not  be  unduly  prolonged  from  fear  of 
injury  to  the  unsaturated  aoids.    The  nelted  fatty  acids  are  run 
into  a  test  tube,  heated  in  a  water  bath  at  60^  0.  to  allow  any 
water  present  to  settle  out,  filtered  in  a  jacketed  funnel  and 
preserved  in  a  tightly  stoppered  bottle  in  a  cool,  dark  place. 


1  The  layer  of  fatty  acids  sJiould  be  allowed  to  partially 
solidify  at  least  before  the  water  is  drawn  off  to  insure  conditions 
similar  to  those  prevailing  in  the  quantitative  determination  of 
the  insoluble  aoids. 
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The  above  process  ahould  yield  fatty  aolds  practically  free  from 

deooraposition.     It  is  inadvisable  to  employ  the  reaidue  from 

the  quantitative  determination  of  the  insoluble  acids  for  further 
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lBiB!£<'*-^e  noutraXisatlon  nuabor  iociio&tes 
*h«  wlllisvaas  of  potaaalua  hydroxide  requtr«l  for  the  complete 
amitelizatlon  of  1  gram  of  insoluble  fatty  aclda,  \3y  the  sapon* 
Ification  prooesB* 

liim|£,«*41oohol»  redlBtilled,  free  from  aoida  and  aXde- 
hydea* 

AXcoholle  potash  aolation,  50  o»c»  of  a  saturated  solution 
of  potaasiun  hydroxide^  free  ftpora  oar'oonate,  to  loao  o*c«  of 
aloohol.    The  i30latioQ  should  be  rillowtsd  to  stand  at  least  24 
hours  and  filtered  issaediately  before  use. 

M/2  l^draohlorio  aold. 

tttenoli^thaleln  solution,  1  gswa  to  100  c«c.  of  aloohol, 
a«tttrAllaed, 

Alkali  blue  ((iB)  solution,  1  graaa  to  100  o.o.  of  aloc^ol. 
Ttom  iadieator  should  be  boiled  In  a  flask  under  a  reflux  oon# 
d«Kser  for  2  hours  and  then  filtered* 
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Igthod.  — Into  a  300  c.c.  ISrlenneyer  flask  are  brought  5 
grams  of  ineoluble  fatty  acids,  together  trlth  50  c.c.  of  alco- 
holic potash  accurately  aeasured  with  a  burette.  50  c.c.  of 
alcohol  and  MTeral  glass  beads.    The  flask  is  then  connected 
with  a  spiral  or  other  form  of  reflux  condenser  and  the  solution 
boiled  on  a  water  bath,  with  occasional  rotating  of  the  contents, 
ixntil  the  reaction  is  coiaplete,  about  60  rainutes.    The  a;isk  is 
then  placed  in  a  water  bath  at  60®  C.  and  the  solution,  after 
cooling  to  that  temocrature,  titrated  with  11/2  hydrochloric  acid, 
using  1  c.c.  of  phenolphthalein  or  alkali  blue  as  indicator. 
For  further  details  see  * Saponification  (Koettatorfer)  Number". 
The  difference  between  the  titration  of  the  blank  and  that  of  the 
excess  alkali  of  the  test  is  the  acid  equivalent  of  the  insoluble 
acids  taken  ^ioh  should  be  calculated  to  railligrams  of  potassiua 
hydroxide  for  1  gram  of  insoluble  acids. 

One  c.c.  of  11/2  acid  is  equivalent  to  28.054  milligrana 
of  potassium  hydroxide. 

Limit  of  error,  0.50  neutralization  number. 

Synopsis  of  Reaotion«-'*3ee  *Acld  Htsaber"  with  titration  of 
exoesa  alkali  as  in  "Saponification  Ifumber*. 
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MSiffl  Hyleoul^^r  The  molecular  weight  (m)  of  the 

lasoluhle  fatty  acids  can  be  calculated  from  the  neutralization 
maiber  (n)  by  laeans  of  the  formula; 

a 

or  directly  from  the  acid  equivalent: 

m  -    2000  X  wt.  of  fatty  acids 
0.0.  H/2  acid 

Neutral izat ion  ??nmber  ^pd  Heap  Molecular  We,ij^t^.«-The 
Muttalization  number  (n)  and  mean  moleoular  wei/^t  (m)  of  the 
insoluble  fatty  acids  can  be  calculated  frora  the  araount  (I)  of 
acids  and  the  railligrasiB  M  of  potassium  hydroxide  required 
to  neutralize  the  acids  in  1  gram  of  fat: 

a  s   M3M  or 
n 

56108  X  I 

These  formulas  are  exactly  the  same  as  those  previously  stated 
except  the  data  are  expressed  differently. 
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Supplementary  ^oi^*— i)lr«ot  titration  of  the  fatty  aeida 
In  alcohol  with  H/2  alkali  in  a  nanner  similar  to  that  of  •'Acid 
lamh«r"  is  often  reooBRModed  althou/?jii  the  process  tends  to 

yield  low  neutralization  numbers^,  probably  due  to  the  presence 

of  hydroxy  acids 
of  lactones  (inner  anhydrides )^ or  of  anhydrides  of  fatty  aoide 

v^ich  do  not  combine  with  aqueous  alkali  in  the  cold,  but 

readily  hydrolyze  on  boiling  wit>i  alcoholic  potash.    The  lactones 

and  anhydrides  aay  result  entirely  fr(W»  drying  under  unfavorable 

conditions*    Harked  differences  between  the  two  toethods  are  shown 

in  the  references  cited.     In  our  hands,  working  with  purified 

inspluble  fatty  acids,  only  sli^t  differences  were  obtained 

except  in  the  case  of  oleic  acid.    The  saturated  acids  were  pre* 

pared  with  special  precautions  and  dried  at  a  low  temperature 

which  precluded  the  possibility  of  forming  anhydrides.  Hydroxy 

aeida  such  as  ricinoleic  acid  of  castor  oil  are  particularly 

likely  to  dehydrate  with  the  foraation  of  inner  anhydrides. 

Lactones  occur  naturally  or  are  readily  formed  from  the  fatty 

acids  of  Sewarri  fat  and  of  wool  wtix.    In  the  latter  case  they 

result  to  some  extent  from  heating  at  100®  C.    The  fatty  acids 

of  castor  oil  polymerize  on  long  standing  even  at  ordinary  tern- 
Gamma 

perature  to  polyricinoleic  acid,  ^dihydroxy stearic  acid  on  losing 

a  molecule  of  water  forms  stearolactone  and  may  serve  as  an 

example  (Lewkowitsch) : 

CH3.(GH2)i3.CR.{0H).GH2.CH2.C(:0H  = 

CH3.(0H2)i3.0H  CHa.CHg.COj    ♦  H2O 


1  Tortelll  and  Pergani,  L'Orosi.  1901.  p.  1.  Leirtiowitaoh) 
Lewko*i*soh,  Analysis  of  Oils.  ?at8  and  Waxes,  I,  pp.  518- 
519  (1913). 
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Heutralization  Number  of  Inisoluble  ^atty  Acid 


Acid. 

Formula . 

Molecular  1 
Weight,  j 

'leutralization 
llunber. 

200.192 

280.271 

228.224  ' 

245.846 

Palmitic,   .   .   .  . 

256.256  ' 

i 

'-as.  953 

284 .288  1 

197.363 

312.320 

179.649 

282.272 

198.773 

338.336 

165.835 

Linolic      •  •  •  • 

278.240 

201.653 

276.224 

203.125 

298.272 

188.110 

Dihydroxystearic, 

•   •  ^17%3(0H)2C00H 

316.288 

177.395 

1 
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Glyoeridea  of  Inaoluble  gattv  Acid^.*«Thtt  aaoimt  of  trl» 
glyoorldes  (Ig)  can  be  calculated  from  the  amount  (I)  and 
Bolecular  wei^t  (m)  of  the  insoluble  fatty  acids  by  the  formula: 

3ra  ♦  C3H0  - 
Ig  z    ■■  -I       V  r<    X  I  or 
5m 

Glycerol  jjj,  ^le  Glvoerldea  of  Insoluble  Acld^,.— The  aaiount 
of  glycerol  (G)  required  for  combination  with  the  insoluble  acids 
to  form  triglycerides  (Ig)  can  be  calculated  frora  the  amount  (I) 
and  molecular  xyeight  (m)  of  the  insoluble  acidsi 


7m      C3H2  ^ 


 9?f064      X  Ig 

3j!1  ♦  38,016 

Substituting  the  value  of  the  glycerideo  in  terms  of  m  and  I; 

G  •         92.064       X    3m  *  38.016    x  1  or 
"    3»  ♦  38,016  3m 

9gf>964  X  I 

8e«  table  "Percentage  of  Fatty  Acids  and  Glycerol  in 
Triglycerides" . 

»>mn  Moleoular  ^tOiX  ^  Saponification  J^B^  2L  ^ 
Qlyoerides  gf  jgig.  Insoluble  Acids. --The  mean  molecular  weifjht 
(mi)  and  saponification  number  (si)  of  the  glyoerides  of  the 
insoluble  acids  can  be  calculated  froia  the  molecular  wei^t  (m) 
of  tho  insoluble  acids 4 
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rax  :    3m  +  38,016 


•l  «     3  X  561Q8 
^1 


See  table  "Saponification  Huraber  of  Triglycerides*. 

From  the  above  formulae  Uie  following  factors  were  deduced 
for  the  inaoluble  acids  enumerated  below.    The  percentage  of 
triglycerides  and  of  glycerol  may  be  calculated  more  easily 
from  the  amount  of  fatty  acids  by  means  of  these  factors: 


Acid. 


Factor  for 
Percent  of 
Triglycerides. 


>'actor  for 
Percent  of 
Glycerol . 


^^^ic,  '  1.06330 

%ristic  ,  1.05552 


Palmitic  ,  , 

Stearic,   

Arachic,  ,  .   

uleic,  

Erucio,     ,  ,   

Linolic,  .......... 

Linolenic, 

Clupanodonic,  ....... 

Ricinoleic,    1.04248 

Dihydroxy stearic,    1.04006 


1.04945 
1.04457 
1.04057 
1.04489 
1.03745 
1.04522 
1.04554 
1.04588 


.15329 
.13446 
.11976 
.10795 
.09826 
•10872 
.09070 
.10950 
.11029 
.11110 
.10289 
.09703 
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Glycerideo  of  Insoluble  Fatty  Acids.— The  amount  of  tnk- 
glycerideo  (Ig)  can  also  be  calculated  from  the  amount  (I) 
of  insoluble  fatty  aoide  and  the  milligraiae  (k)  of  potasBiuni 
hydroxide  required  to  neutralize  the  insoluble  acids  in  1 
gram  of  fat  by  the  f  omul  a: 


.2258  k 


.2258  k  +  I 
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Lactones  anU  Aghydrldea .-»Yhe  amount  of  lactones  and 
anhydrides  present  in  the  separated  insoluble  acids  of  oil, 
fata  and  waxes  can  be  measured  in  terroa  of  milligrams  of 
potassium  hydroxide,  by  the  difference  in  the  amount  of  alkali 
required  to  titer  (neutralize)  the  acids  in  cold  alcohol  rmd 
that     absorbed  on      saponifying   'iUi  alcoholic  potasJi.  Lactones 
and  anhydrides  are  unable  to  combine  v^ith  alkali  until  trana- 
foxTQed  into  acids.     They  are  not  hydrolyzed  to  any  considerable 
extent  in  cold  alcohol  but  are  readily  hydrolyzed  by  boiling 
alcoholic  potash. 

Reagents,— Same  as  for  "Acid"   ind  "^saponification**  Numbers. 
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Method... i?ive  grama  of  insoluble  fatty  acids  are  brought 
into  &  300  CO.  Krlenineyer  flask  together  with  100  c.c.  of 
alcohol  and  titrated  in  the  cold  with  V^^-  potassiuia  hydroxide, 
using  1  c.c.  of  phenolphthalein  ar  alkali  blue  as  indicator. 
An  additional  5  grams  of  insoluble  acids  are  brougjit  into  a 
flask  and  treated  exactly  as  described  for  Saponification 
Humber.      The  difference  between  the  tv/o  determinations,  in 
terras  of  railligraias  of  potaaaiuin  hydroxide  to  the  gran  of 
insoluble  acids,  laeasurcs  the  aiiount  of  lactones  and  an}iydride8 
present. 

Limit  of  error,  same  as  in  the  deter^ainations  of  Acid 
Number  and  Saponification  Number, 

Synopsis  oT  Reaction.. .Solution  in  alcohol. 
Neutralization: 

RCOOH  +  ROCO  +  (RC0)2Cj  +  XOH  »  RCOOK  ♦  ROCO       (^00)20  + 

aoid      lac-  anhy- 
tone  dride 

Saponification: 

RGOOH  +  ROCO       (RC0)20  +  4K0H  -  RCOOK      R. OH, COOK  +  2RC00K  +  2H2O 
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When  the  lactone  or  anhydride  in  the  insoluble  acid a  or 
the  predominant  one  is  a  mixture  is  known,  the  aiaount  (L)  oai 
be  calculated  from  tlie  determined  alkali  equivalent-^  (l);  i.( 
the  saponification  nuiaber  minus  the  acid  number  of  insoluble 
acide  and  the  theoretical  saponification  nuuoer  (8^^)  of  the 
lactone  or  anhydride  by  the  formula: 


1  Lactone  Number. 
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Iodine  Huraber.— The  iodine  niiraber  indicates  t}ie  percent- 
age of  iodine  chloride  absorbed  by  the  inaolubXe  fatty  acids, 
expressed  in  tema  of  iodine. 

See  raethod  for  oils  and  fata. 

The  Iodine  number  of  insoluble  acids  does  not  necessarily 
correspond  to  that  of  the  natural  oil,  fut  or  wax  from  which 
the  acids  were  derived.    This  is  said  to  be  due  to  the  influence 
of  soluble  fatty  acids  in  the  natural  product,  althou;jJi  it  is 
probable  that  some  deooiaposition  of  tlie  unsaturated  acids 
results  in  the  process  of  separation. 

Insoluble  acids  after  titxration  with  tJiiosulfato  undergo 
a  reversible  reaction  and  split  off  iodine  nuch  more  rapidly 
than  the  oils  and  fata  from  which  t}iey  were  derived. 
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Acetyl  Number. -»The  acetyl  niiraber  indicates  the  milli- 
grams of  potassium  hydroxide  required  to  combine  v/ith  tlie 
acetyl  absorbed  by  1  gram  of  insoluble  fatty  acids  on 
aoetylation. 

See  method  for  oils  and  fats. 

The  acetylated  product  should  be  washed  until  the  acid 
of  the  filtrate  (150  c.c.)  is  less  than  0,25  c.c.  H/lO 
solution. 
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lODIBB  BiniBKR. 
The  iodine  number  indicates  tlie  percentage  of  iodine 
chloride  abeorljed  by  an  oil,  fat  or  wax.  expressed  in  terras 
of  iodine. 

Rul?l  Method .    Wi.i8  oolutior^, 

Beagonts«**Iodine  solution  according  to  Wijs^.  Thirteen 
gnuBS  of  resubliioated  iodine  to  1000  c«c.  of  anhydrous  acetic 
aoid^  (99.9  percent) »  free  from  oxidiaable  products.    After  the 
iodine  is  completely  dissolred  the  solution  is  treated  with 
pure  dry  chlorine  gaa^    imtil  the  iodine  has  been  converted 
into  monochloride.    The  completion  of  the  reaction  is  indicated 
by  a  distinct  change,  the  solution  becoming  transparent  cherry 
red,  and  its  titer^  with  thiosulfate  doubled.    As  it  is  advisable 
to  have  a  sll^t  excess  of  iodine  a  email  quantity  of  untreated 
solution  ^ould  be  retained  and  laay  lM»added  in  case  of  necessity . 

H/10  sodium  thiosulfate  (hyposulf ite)  solution,  24.822  grame^ 
of  sodium  thiosulfate  are  dissolved  in  water  and  zmde  up  to  a 
liter. 


1  Ber.  Deut*  COiea*  Gesell.  31,  p.  750  (1898).    Wijs»  solution, 
with  the  eaaa  active  reagent,  iodine  nonochloride ,  has  largely 
replaced  that  of  Hubl  on  account  4f  its  far  greater  stability  and 
more  rapid  absorption. 

2  Th9  acid  should  be  crystallized  at  IS®  G.  and  the  Mother 
liquor  discarded.    The  acid  should  not  react  with  the  bichromate 
test* 

3  Washed  and  dried  by  being  passed  through  concentrated 
sulfuric  acid.    Gas  sufficient  for  4000  c.o.  of  iodine  solution 
can  be  generated  from  44.5  grams  of  sodiuua  chloride,  55.5  grans 
of  saaganaee  dioxide  and  150  c.c.  of  sulfuric  acid  (1-lt. 

4  Vith  the  addition  of  potassium  iodide  as  usual. 

5  Preferably  50  grams  to  1000  c.c.  of  water. 


I 
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PotaBsium  bichromate  solution;  3,8633  grams  of  dry  C.  P. 
potassium  bichromate,  free  froa  oodiua  bichromate,  are  dissolved 
in  water  and  made  up  to  a  Tolurae  of  1000  c,c.  at  20»  C,  This 
solution  will  kssp  almost  indefinitely  without  Changing  and  is 
mmmd  for  standardizing  the  thiosulfate  solution.    One  hundred 
o.c,  of  potassium  bichromate  will  liberate  1  gram  of  iodine 
froB  a  potassium  iodide  solution* 

Potassium  iodide  solution;  165  grams  of  neutral  potaaslura 
iodide,  free  from  iodine  and  iodate,  to  1000  c.o.  of  water, 
lodate  is  said  to  be  present  frequently  in  comaeitsial  potassium 
iodide  and  yieldo  free  iodine  with  hydro<*loric  acid. 

Starch  paste;  1  gram  to  200  c.c.  of  water.    The  indicator 
is  prepared       >»oiling  thorou^ily,  decanting  and  diluting  the 
solution,  and  again  boiling  to  insure  a  perfect  paste  free  from 
solid  particles* 

Carbon  tetrachloride,  anhydrous^    and  free  from  oxidisable 
products*^ 

Standardising  ^hg.  Tliiosulf <ite.-«>Twenty»TiTe  c.c.  of  potassium 
bichr(»2iate  are  accurately  measured  with  a  burette  into  a  300  c.c. 
Krlenmeyer  flask  and  10  c*c«  of  potassium  iodide  and  5  o*c«  of 
concentrated  l:^drochlorlc  acid  added.    Simultaneous  witli  the  nddi* 
tion  of  the  acid,  thiosulfate  is  run  in  until  the   brownie  yellow 
color  (iodine)  has  been  largely  destroyed,  then  2  c.c.  of  starch 
paste  are  added  and  the  titration  continued  with  repeated  thorough 
i^akingy  until  the  blue  color  has  entirely  disappeared  leaving  a 


1  Juried  oyer  recently  ignited  solium  sulfate  and  distilled. 

2  Bichromate  test. 
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bright  green  eolation.  As  4  tlmea  the  titration  ia  equivalent 
to  1  gr«  of  iodine,  the  iodine  value  of  1  c.o.  of  thioeulfat. 

can  be  readily  calculated. 

In  theory.  1  c.c.  H/lO  HasSgOsSH  g  is  equivalent  to  .012692 
B  of  iodine. 

The  following  ia  the  reaction: 

K2CP2O7  ♦  14HC1  ♦  6KI  ,    2CrCl3  ♦  8KG1  ♦  6  I   ♦  THsO 
61     :    KgCrgO^      ::    1  :  x 
761.52  ;      294.20      ::    1  :  0.38633  graras  in  100  c.c. 
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IfeS^-— amount  of  material  to  be  taken  for  thia  detei^ 
minatlon  varies  imrereely  with  its  iodine  number  (see  table), 
From  ,30  to  ,45  gram  of  drying  or  fish  oil.  ,45  to  ,70  gram  of 
a  aeaidrying  oil,  ,56  to  ,90  gram  of  a  nondrying  oil,  or  ,60  to 
2,00  grams  of  fat  are  brought  into  a  300  c,c^  Krlenmeyer  flaak 
together  with  20  c,o,  of  carbon  tetrachloride.    After  complete 
solution,  50  o,c,  of  iodine  solution,  aoouratel^  measured  with 
a  burette,  are  added  and  the  flaak  well  stoppered  and  allowed  to 
stand  3  to  4  houra^,  with  oooasional  shaking,  in  a  refrigerator 
at  a  temperature  below  10«  C,    A  rapid  bleaching  of  the  solution 
indioates  insufficient  iodine.    An  excess  equal  to  the  amount 
absorbed  is  deemed  neeeasazy  for  the  attainment  of  conatant 
results*    Sie  cork  stopper  for  the  flask  should  be  rolled  tmtil 
soft  and  pliable  and  moistened  with  potassium  iodide  to  prevent 
lose  of  iodine  by  volatilisation.    At  tJie  end  of  the  absorption 
period,  SO  cc..  of  distilled  water  and  10  c.o,  of  potassium  iodide 
are  added  to  the  contents  of  the  flask,  and  the  access  iodine 
titrated  with  sodium  thiosulfate.    The  thiosulfate  is  run  in 
gradually,  with  conatant  i^iaking,  laiitil  the  bvvwnish  yellow  color 
of  the  solution  has  been  largely  destroyed,  tlien  2  o»o,  of  star<^ 
paste  are  added  and  the  titration  continued  vintil  the  blue  oolor 
has  entirely  disappeared.    Towards  the  end  of  the  reaction  the 
flask  sliould  be  stoppered  and  shaken  vigorously,  so  that  any  iodine 
in  the  oarbon  tetrachloride  will  be  taken  up  by  the  potassftum 
iodide^    The  •bleached"  condition  should  hold  for  a  considerable 


1  According  to  Lewkowitsch,  l/'2  hour  is  sufficient  for  all  oils 
and  fats  having  an  iodine  number  below  100,  1  hour  for  semidrying 
oils  and  2  to  6  hours  for  drying  oila.    Analysie  of  Gila,  Fats  and 
Vaxea,  X,  p.  407  (1913). 
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tia«  with  the  flask  stoppered,  althou^  the  blue  color  will 
develop  a€5ain.  due  to  the  splitting  off  of  iodine.  Several 
blank  determinations  should  be  run  with  every  series  of  tests, 
^he  difference  between  the  titration  of  the  blank  and  that  of 
the  excess  iodine  is  Uie  thioaulfate  equivalent  of  the  fat, 
which  multiplied  by  the  factor  (obtained  as  described)  and 
divided  by  the  weight  of  fat  taken  givea  the  percentage  of 
iodine  absorbed. 

Limit  of  error,  0.25  iodine  number, 

Sjfnop^ia  ja£  Heact i on . Solut ion  with  carbon  tetrachloride, 
Forsation  of  chloro-iodo  additive  compounds  with  imsatu- 
rated  acids  and  their  glycerides* 

Solution  of  excess  iodine  with  potassium  iodide  and  titra- 
tion with  thioaulfate,  usin^  star<^  paste  as  indicator. 


2  1    ♦    2Jfe2**203  s    Sa2S406  +  2HaI 
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AMOUHT  or  MLATRRIAL  TOR  Diyj^RRSHT  lODIHS 
(50  0.0.  of  Wija  Solution). 


lodlAe  hmaber.  Grams  of  Material. 


200 

.32 

195 

•  33 

190 

.34 

185 

•  34 

180 

•  OO 

176 

•  OO 

170 

«  OO 

165 

160 

Aft 

155 

41 
•  *i  J. 

150 

.  •♦•J 

145 

140 

•  w 

136 

47 

150 

^49 

125 

SI 

120 

115 

110 

« 

105 

100 

M>  W  W 

A4 

96 

90 

71 

86 

«75 

80 

.79 

75 

.85 

70 

*91 

65 

,98 

60 

1.06 

55 

1«16 

50 

1.28 

45 

1.42 

40 

1«59 

35 

1.82 

30 

2.13 

26 

2.55 

20 

3.19 

(Take  2  grams) 
(    •    •      •  I 

(25  c.G.  of  -/LK  Solution)  . 

16  4*25    (Take  2  graas) 

10  6.38    (    •    •      •  ) 

ft  12.76    (     ■    •      •  } 
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Suppleiaent>arY  Noi;Sa...Unaaturated  acids  and  their  glycerides 
assinllata  halogens  with  the  formation  of  saturated  ooapomidB  and 
this  property  aerrea  as  a  basis  for  their  quantitative  deter* 
mination.    Theoretically  chlorine,  broraine,  iodine,  iodobroraide 
or  iodochloride  aay  b«  «Biployed  for  the  purpose.  The  use  of 
chlorine,  howerer,  is  impractical  and  bromine  tends  to  form  botti 
substitution  and  addition  products.     Iodobroraide  (Hanus  solution) 
has  no  advantage  orer  iodochloride  (Wijs  solution)  except  ease  of 
preparation;  tlierefore  the  latter  prooosa,  employing  the  sane 
active  agent  (iodine  monochloride)  and  agreeing  closely  with  the 
original  Hubl  method  under  control  condttions^,  should  be  given 
preference  notwithstanding  Aaerioan  pmotice  to  the  contrary • 
IfHir thermore,  Wijs  has  shown^    that  his  solution  yields  practically 
theoretical  results  with  pure  fatty  ncids.    The  solution  is  far 
more  stable  than  that  of  Hubl  and  nore  rapid  in  its  action, 

Linolie  and  linolenie  acids  and  their  glyoerides  absorb 
oxygen  fro  a  the  air  at  ordinary  temperature  and  dry  to  a  hard 
•lastlo  layer  and  to  this  property  drying  oils  owe  their  value. 
It  is  stated  that  for  practical  purposes  drying  oils  should  have 
an  iodine  number  of  at  least  140,  preferably  170  or  hi^er,  and 
nondrying  oils  of  90  or  lower.    Certain  fish  oils  have  a  high 
iodine  number  and  will  absorb  oxygen  but  they  do  not  dry  to  a 
hard  layer. 


1  Lwkowltsoh,  Analyst.  24,  p.  259  (1899), 
8  Oheas^  Hev,  ?ett  u.  iiarz  Indus.  1899,  p.  1. 
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Theoretically  the  unaaturated  fatty  aolds  belonging  to  the 
oleic,  chaulaoogric  and  piclnoleic  series  absorb  2  atoms  of  the 
halogen;  linollc  and  tariric  series, 4  atorae;  linolenic  series. 
6  at^ms;  clupanodonic  series,  8  atorae.  etc.    The  members  of  t}ie 
dhaulmoogrio  serlea  are  oyollc  compounds  and  contain  only  1 
palp  of  double-linked  carbon  atoms,  ^ile  open  oliain  acida  of 
the  same  eiaplrical  formula  would  in  moat  Instances  contain  2 
pairs.      Tariric  acid  contains  triple-bond  carbon  atoms  and 
although  it  forms  a  tetrabroniide.  it  generally  absorbs  only 
1  or  possibly  2  halogen  atoms.    The  double-linked  carbon  atoms 
■ay  be  ooadldered  the  ethylene  type  and  the  triple-bonded  an 
acetylene  linkage.    The  position  of  the  double  bond  in  relation 
to  the  carboxyl  group  in  unsaturated  acids  influences  the  iodine 
absorption.    If  tlie  double  bond  is  located  at  a  considerable 
distance  from  the  carboxyl  the  results  are  generally  normal,  but 
lAien  relatively  close  tof^ether  the  iodine  number  la  likely  to  be 
below  theory,  althouja^  lengthening  the  absorption  period  increases 
the  results,^      The  glycerides  not  similarly  to  the  free  acids 
and  absorb  three  times  as  many  atoms  (triglycerides).    Ulein  is 
the  princip«^l  unsaturated  glyoerlde  In  nondrying  oils  and  fats, 
Ilnolln  constitutes  a  considerable  proportion  of  drying  and  seal- 
drying  oils  and  to  scKse  extent  of  nondrying  oils  and  solid  fats, 
and  llnolenln  occurs  in  large  amounts  in  ?ill  vegetable  drying  oils* 
Clupanodonin  appears  to  be  thecharaoterlstic  constituent  of  fish, 
Xirer  and  blubber  oils. 


1  Lewkowltsoh,  Analysis  of  Oils,  S^ats  and  Waxes,  1,  p.  400  (1913) 
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In  thoa«  cams  vdi«re  oaly  one  such  acid  or  glyoerlde  is 
pmm^nt  its  percentage  oan  b«  refidily  calculated  from  t>ie  iodine 
mmXfT  by  dividing  by  the  theoretical  absorption  or  by  aeane  of 
ft  faotor* 

Oleic  acid  «         2  X 

-    2  X  1P.6>92 
*  282,272 

s  0.88927 


Olein  3 


 61  

(Cl7H33C00)3C3H5l 


•  761,52 
-  884,832 

:  0.86064 


1    3(Ci7H330OOH)     ♦    G3H2  or  38.016 
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In  a  similar  maimer  the  following  figures  for  tlieorctioal 
absorption  were  deduoed  for  the  aoida  and  glyceridee  enmaerated 
belov« 


Acid. 

Triglyceride . 

■ 

Uolecular 

Vei^t  of 
Aoid. 

Theoretioall 
Iodine  \ 
Absorption . ; 

!  \ 

Reoi'DirQenlJ 

Theoretical 

T  Art  i  rtn 

Absorption. 

iteoxprocai . 

Oleic,  •  .  . 

282.272 

0,89927 

1,11201 

0,86064 

1.16193 

Krucic,     .  . 

338,336 

0,75026 

1.33287 

0.72308 

1,38297 

Linolic,  •  • 

280.256 

1.81149  1 

0.55203 

1.73312 

0,57699 

liinolenic,  • 

278,240 

2.73692 

0.36537 

2.61770 

0.38201 

Clupanodonio, 

276,224 

3,67586 

0.27205 

3,51462 

;  0.28463 

Ricinoleic,  . 

898.272 

0.86104 

1.17503 

i  0,81635 

i  1.22496 

Sitosterol «  , 

  ■■  ■ 

386.368 

0.66699 

1.52209 

I  

i  **** 

Cholesterol, 

386.368 

0,65699 

1.52209 

i 

a,,'.'.  'I 

1 

! 
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Wij»  solution  la  said  to  yisld  hi^i  and  rariable  pesulto 
with  cholsstsrol  and  low  results  with  roain  and  rosin  oils 
increasing  with  the  excess  of  Iodine  and  the  length  of  the 
Absorption  periods* 
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Hiere  there  are  two  xmeaturatod  acids  (op  glyceridee) 
present  (x  and  y)  of  known  Iodine  absorption  (c  and  d),  if 
the  percentage  of  the  mixture  (i>)  and  the  iodine  number  (W) 
©f  the  fat  have  been  determined,  the  percent  of  each  acid 
(or  glyceride)  can  be  calculated  hy  fortaula. 

X  ♦  y  «  P 

ox  ♦  dy  2  ,01 


1  The  factor  ,01  conrerta  the  iodine  number  to  the  saae 
bftsts  as  the  figures  for  theoretical  absorption  atated  on  prericus 
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ACETYL  HUMBER, 

The  acetyl  nuralDer  indicates  the  milligrams  of  potassium 
hydroxide  required  to  combine  with  the  acetji  1  ahsorhed  by  1 
gram  of  an  oil,  fat  or  wax  on  aoetylation . 

Reagents « ""Acetic  anhydride,  Kahlbaum*s, 
Ceresine,  pure  white,  filtered. 

Alcohol,  redistilled,  free  from  acids  and  aldehydes. 
Alcoholic  potash,  50  c.c,  of  a  saturated  solution  of 
potassium  hydroxide,  free  from  carbonate,  to  1000  c.c.  of 
alcohol.    The  solution  should  be  allowed  to  stand  at  least 
24  hours  and  filtered  immediately  before  use. 
ir/2  hydrochloric  acid. 

Phenolphthalein  solution,  1  gram  to  100  c.c,  of  alcohol, 
neutralized. 

Alkali  blue  (6B),  1  gram  to  100  c.c,  of  alcohol.  The 
indicator  should  be  boiled  in  a  flask  under  a  reflux  con- 
denser for  2  hours  and  then  filtered. 


1  Benedikt  and  Ulzer.  and  Lewkowitsch  report  on  the  basis 
of  the  acetylated  product. 
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feiJiad.— Into  a  300  c,c.  Krieroaeyer  flaak  are  brou^^t  5 
of  fat  together  with  10  c.c,  of  acetic  anhydride.  The 
flaak  18  connected  with  a  spiral  or  other  form  of  reflux  con- 
denser  and  heated  in  a  boiling  water  bath  (iaaeraed  in  the 
water)  for  from  1  to  1  1/2  hours.    Longer  heating  yields  hi^er 
reeults  but  is  accompanied  by  partial  deootapoaition  of  the  fat 
with  formation  of  aldehydes  or  other  bodies  that  give  a  reddish 
color  with  caustic  alkali.    After  aoetylating,  the  spiral  is 
rwwred  from  the  flaek  and  sufficient  ceresine  added  to  form  a 
solid  disc  with  the  fat  when  chilled  in  cold  water.    The  amount 
of  cereaine  required  will  vaiy  with  the  consistency  of  the 
product  under  exaaination.    For  butter  fat  .5  gram  is  ample, 
for  softer  fats  and  oils  rather  more,  and  for  harder  fats,  less. 
Wlto  the  fiaok  still  in  the  water  bath,  150  c.c.  of  boiling 
water  are  added  with  as  little  disturbance  of  the  fat  layer  as 
possible.    The  flask  is  then  renored  and  the  contents  rotated 
vigorously  to  dissolve  occluded  acetic  acid.    The  flask  is 
ioBtersed  in  cold  water  to  solidify  the  cereaine- fat,  after  which 
the  solution  is  deoanted  throu^  a  dense,  12.5  c.m.  filter,  care 
being  taken  not  to  break  the  insoluble  cake*    Another  150  c.c. 
of  boiling  water  is  ddded,  thorou^ly  agitated,  heated  a  few 
minutes  on  the  bath,  cooled  and  decanted,  the  process  being 
repeated  until  the  final  filtrate  gives  a  decided  color  with  2 
or  5  drops  of  H/10  alkali,  using  phenilphthalein  as  indicator 
(about  six  tises).      Proloilged  washing  is  likely  to  cause  some 
hydrolysis    of  the  aoetylatod  product. 

The  filter  and  inverted  flask  containing  the  cake  of 
cere sine* fat  are  allowed  to  drain  in  a  cool  place  until  practically 
dry.      The  saall  particles  adhering  to  the  filter  are  then  scraped 
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Into  the  flask,  the  filter  washed  with  5  aucceasive  10  c,o, 
portions  of  alcohol  and  50  o.c,  of  alcoholic  potash,  accurately 
Masured  with  a  burette,  and  several  glass  oeada  added.  Tlie 
flask  is  connected  \5rlth  a  spiral  or  other  fom  of  reflux  con- 
denMr  and  the  solution  boiled  on  a  water  bath  until  saponifi- 
oation  is  OGraplete*<»about  60  minutes.    The  flask  is  placed  In  a 
water  bath  at  60*  C.  and  the  solution,  after  cooling  to  that 
temperature,  titrated  with  N/2  hydrochloric  acid,  using  1  c.c. 
of  phenolphthaleln  or  alkali  blue  as  indicator.    Alkali  blue 
offers  certain  adrantages  in  the  ease  of  solutions  that  develop 
a  reddish  color  with  caustic  alkali «    The  alcoholic  laixture  is 
again  brouf^t  to  boil  to  free  any  alkali  occluded  in  the  ceresine 
and  retitered  if  necessary .    Several  blanks  deterainations  should 
"bm  run  with  every  series  of  tests  under  precisely  similar  condi* 
tions  as  to  time  and  treatment  except  thnt  the  ceresine  may  be 
cnitted*    However,  every  lot  of  ceresine  aust  be  tested,  Xt 
should  be  free  from  soluble  matter  and  not  assimilate  any  alkali 
on  saponlfioation*    Die  difference  between  the  titration  of  the 
blank  and  that  of  the  excess  alkali  in  the  test  is  the  acid 
equivalent  of  the  fat  after  acetylation,  which  should  be  calcu- 
lated to  milligrams  of  potassium  hydroxide  for  1  gram  of  fat. 

One  c.c*  of  H/2  acid  is  equivalent  to  28,054  milligrama  of 
potassium  hydroxide* 

The  difference  between  the  saponification  number  of  the  fat 
before  and  after  acetylation  is  the  acetyl  number,     in  case  the 
original  fat  contains  free  soluble  acids  their  titer  should  be 
determined  and  proper  correction  mnde  for  the  same* 

Limit  of  error,  0,50  acetyl  number. 
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SynoDBl^       R<aGtlQi^.»«AGotvlntinn  of  glycerides  of  oono- 
hydroxy  and  dlhydroxy  acids,  nonoglyoartdea  and  diglyocrldes  and 
fre«  aleohole,     (See  formulas). 

Saponification  of  the  acetylated  product.     (See  formihlaa). 

Saponification  of  the  original  or  unaoetylated  product* 

Titration  of  excess  alkali. 

Acetyl  number  lay  difference. 

QlYCerid^B  of  Uonohydroxy  and  Bihydroxy  Aoids. 
Apetfyl^^^oq, 

(H.OH.OOOj^GgHg  ♦  3(CH3CO)20  «     (R.0CH3C0.CO0)^C3H5  4  3CH3COOU 

triglyceride  of  acetic  acetylated  acetic 

monohydro:]Qr  acid         anhydride  glyceride  acid 

JSxample,  Rlcinolein  (C^^H32«0H«COQ)3C3Hg 

gapontfioation. 

(R.OCH30O.GO0)303H5  4  6K0H  •  3R,0Ii.G0C«C  ♦  30H3CO(»C    +  ^z^^i^H)^ 

acetylated         alkali      potaaoiua     potassium  glycerol 
glyceride  s^ilt  of  acetate 

hydroxy  acid 


.'R(OH)2COO)3C3H5  +  (CH3G0)20  =   (R(0CH3C0)  2^0°) S^S^S  ^ 

triglyceride  of  acetylated 
dihydroxy  acid  glyceride 

Xxaaple,  Dihydroxy  a  tear  in  (03^71133(01!)  2C00)3C3H5 
(R(0CH3C0)2G00)3C3H5  +  9K0H  3  3R(OH)2COOK  +  6OK3GOOK  +  G3H5(OH) 
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Monoglyceridea  and  Diglvoeridea^ 
(RCOO)Cj5H5(OH)2  +  (CH^CO^O  ,  (HCOO)  (CHsCOOi-^Cjllg  +  IlgO 
monoglyoerid*  diaoeto-glyoeride 
(HCOO)(CH3COO)2C3H5  +  3KOH    ^  RCOOIC  +  gCH^COOK  +  C3n5(0H)3 


(RC00)2C3H5(0H)  ♦  (aH3C0)20  a  (RCO0)2(CH3C0O)C3H5  ♦  GH3COOH 
diglyeerldo  aonaceto-glycoride 
(RC00)2(CH3G00)G3H5  +  3K0H    x  2HC00K  ♦  CH3COOK  C3H5(0M)3 

^ree  AIcohoX^> 

ROH    +     (CH3G0)20  s     CH3COOR    -f  CH3GOUH 

monolsaBlc  acetate 
alcohol  of 

aloohol 

CH3COOH    +    KOH    s    ROH  t  CH3COOC 

laE8Bpl«8,  sitosterol,  cholesterol,  O27H45OH 


Cobsiderable  Tariation  Is  possible  in  writlnj^  the  abo^e 
fomalas  which,  at  best,  poorly  express  the  structure.    In  some 
instanoas  the  reaction  Is  indicated  at  some  sacrifice  of  form. 
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CALGULATKD  DATA  moU  THE  AGSTYL  mflMR. 


The  acetyl  niMiber  (o)  aerres  to  measure  the  amount  of 
hydroxy  ooapounds  in  an  oil.  fat  or  wax  and  in  ease  only  one 
•ttcVi  compound  of  known  molecular  weii^t  (a)  and  number  of 
hydroxyls  (d)  is  present,  its  amount  (H)  can  be  readily  cal- 
culated by  the  following  foxoala: 


The  derivation  of  the  formula  is  comparatively  simple. 
The  theoretical  acetyl  number  of  a  compound  containing  d 
hydroxyl  groups  is: 


The  amount  of  auch  a  compound  in  an  oil,  fat  or  wax  is. 


H  z 


cm 


56108d 


!^6l08d 


therefore,^ 


c 


mo8d 


56103d 


The  same  results  may  he  o«ilculatcd  more  easily  frcMa  the 
following  table,  dividing  the  determined  acetyl  number  by  the 
theoretical  acetyl  number  or  multiplying  by  its  reciprocal* 
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Ac«tyi  liunber  on  Original  Product. 


j 

Formula, 

! 

8  . 

e  ■»< 

r4  e 

n 
0 

rt  • 

0  u 

u% 

d  3 

mi 

0  • 

•H  r4  1, 
4*  >>0 
V  ♦>  J3 

Q  e 

r4 

Si 

1 
I 

j 
1 

0  ^ 

p.  ; 

03  ! 

I 

003 

0  <  3 

■r* 

Glyoerides, 

RicinoXein 

— 1 

( ^17^32  .OH  .  GtX; )  3C3H5 

932,832 

180.444 

1 

180. 444 i 

.0055419 

Dihydroxystearin 

986«880 

170.562 

341,124; .0029315 

Monoglycerides. 

Monopalraitin 

(C15H31COO)  C3H5(0H)2 

330 .3041 169.868 

339.736 

,0029435 

Monostearin 

(C17H35GOO)  C^HsCOHlg 

358.336 

156,579 

313.159 

.0031933 

Uonolein 

356.320 

157*465 

314.930 

,0031753 

■ 

l>iglycerides. 

Dipalmitin 

(<2i5H3iG00)2G3H5(0H) 

1568.544 

197.374 

98.687 

1 .0101330 

Distoarin 

(Gi7H35COO)2C3H5(OH) 

624.608 

1 179,658 

89.829 

.0111323 

jOioleia 

(Ci7H33GOO)2C3H5(OH) 

620,576 

1 180,826 

90.413 

.0110604 

}fydroxy  Aoids* 

Ricinolcio 

1  CJj^7H32.0H.COOH 

1 298. 272 

188.110 

186,110 

1 .0053160 

Dihydroxy stearic 

'^17H53<0«)2^«^ 

f 

1316.288 

177,395  354.791 

\  .0028186 

Alcohols. 

Sitosterol 

386.368 

1  . 

1 

( 

145,219 

0068862 

Cholesterol 

C27H45OH 

1386.368 1 

145,219 

■ ,0068862 
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Gravimetric  Proceaa^  .—After  aoetylating,  a  gravimetric 
proceaa  for  acetyl  number  may  be  conducted  in  a  manner  similar  to 
that  for  the  qiiantitative  determination  *f  insoluble  fatty  aoide, 
observing  all  the  preoautiona  therein  noted  ae  to  cere sine,  washing, 
drying,  weiring,  etc. 

This  modification  is  apparently  rather  more  difficult,  tedioua, 
and  subject  to  error  than  the  s.^ponlfication  or  volumetric  proceaa. 
An  inaccuracy,  due  to  a  deficiency  in  weight  arising  from  t^m  de- 
hydration of  free  fatty  acida  by  acetic  anhydride  during  acetylation, 
is  probably  unavoidable  althou^i  of  little  conaequente  where  the 
araoimt  of  free  acids  ia  relatively  small . 

The  acetyl  number  (a)  ia  calculated  froa  the  increase  in  weight 
(i)  by  the  followin^^  formula: 

a  -    ^mjL  or 
•  42.016 

1535.396041 

In  case  only  one  hydroxy  compound  of  known  molecular  weight  (m) 
and  number  of  hydroxyla  (d)  is  present.  Its  anount  can  be  calculated 
from  the  increase  in  weight  (i)  of  the  oil,  fat  or  wax  on  acetylating. 
The  theoretical  increase  for  a  hydroxy  compound  is: 

42.Q16  d 


1  Has  not  received  sufficient  study  in  this  laboratory  to  waar* 
rant  positive  atatements  but  ia  similar  to  tlie  aetbods  described  by 
Lewkowitsoh  (loco  citato)  1,  pp.  451-453,  570-580  (1913). 
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The  amount  (H)  of  such  a  corapound  in  an  oil,  fat  or  wax 
therefore: 


H  - 


i 


or 
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Mp:^<^oulai:.  ^.Ififtt  of  Ijydroxy  CoiaDOunda.-^The  raol«cular  ^7ei^t 
of  tJie  hydroxy  compounds  can  be  calculated  from  the  '*oight  (w) 
of  fat  taken  and  the  increase  (i)  on  aoetylnting.  provided  the 
nurabcr  (d)  of  hydroxyle  in  the  raolooule  ia  known: 

w  :  w  4  i  ;:  m  ;  m  +  42,016  d 

Tho  formation  of  anhydrides  during  the  acetylatin;?  prooess 
will  affect  the  accuracy  of  these  oalculationa. 

The  computation  of  the  amount  of  hydroxy  compounds  by  the 
CraTlnetric  prooeae  is  greatly  facilitated  by  use  of  the  follow- 
ing table* 
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Acetyl  GraYiraetrio  Prooeas  on  Original  Product, 


u 

a  • 

§4 

r4  e 

a 

h  • 

H  d 

^  -R 

<-i  «-t  e 
o  e  o 

1-4  1 
O      O      -.4  . 

e  a  ♦> 
4»  •     c  d 

e    -p  o  H 
5!  f  >* 

•  o  <H  S  e 
x:  e  e  N  o 

• 

«) 
O 

o 
u 

Q, 

o 
« 

Glycoridea. 

Ricinoleln  i 
Dihydroxy stearin 

932 .ass  1 

966.860 

1058.880 
1238.976 

,135124 
.255447 

7.40061 
3.91471 

Monoglyoeridea. 

Monopalraitin 

Monoatearln 

Monoleln 

330.504 
358.336 
356.320 

414,:^36 
442.368 
440.352 

.254408     !  3.93069 

.234506     1  4.26428 

1 

.235833     1  4.24029 

Dlglyoeridea. 

DlpalBitin 

Aiatearin 

J>iolein 

568.544 
624.608 
620.576 

610.560 
666.624 
662.592 

.073901 
.067268 
.067705 

13.53162 
1 14.86591 
14.76996 

I^droxy  Acids. 

Rioinoleic 
Dlhydro3^8teario 

I" 

298-272 
316.288 

340.288 
400.320 

i 

j    .140865  7.09900 

I 

.265682  3.76390 

Free  i 

Alcohols. 

Sitosterol 
Cholesterol 

j  386.368 
^  386.368 

428.384 
428.384 

1  .108746 

i 

.108746 

1 

1  9.19574 
9.19574 

1  Acetyl  number  a  1335.39604  i. 
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^ffpXeacn^^  22.ia£*—The  various  hydroxy  corapounda  that 
ocaur  In  oila,  fats  and  waxes  form  d6rivativ«8  on  heating  with 
acetic  anhydride,  the  acetyl  radical  displacing  the  hydrogen 
of  the  alcoholic  hydro^Qrl  groups,  Ihlo  property  serves  as  the 
baela  of  analytical  aothods  for  the  quantitative  determination 
of  monohydroxy  and  dlhydroxy  aclis  and  their  glyoerldes,  mono- 
glyoerldes  and  dlglycerldes^  and  free  alcohols, 

Glyoerldes  of  hydroxy  acids  are  a  natural  constituent  of 
certain  olid  and  fats  althoujg^i  they  do  not  appear  to  be  very 
widely  distributed  In  any  considerable  amount.    Castor  oil, 
composed  largely  of  rlcinoleln.  Is  an  excellent  Illustration. 
^tydroxy  acids  probably  occur  more  frequently  as  the  result  of 
oxidation  of  unsaturated  aelds«    Oleic  acid  has  been  shown 
repeatedly  to  be  comparatively  unstable,    3y  the  asslinilation 
of  oxygen  and  water  It  aay  be  converted  Into  dlhydroxyetearle 
add,  a  saturated  compolmd, 

^17%3^^  4  H2O  ♦  0    •    03^.^33  ( OH  )2COOa 

HiBther  the  oxidation  tfikes  place  In  the  glyoerldes  or  In  the 
fatty  acids  after  hydrolysis  Is  uncertain  althou^  the  latter 
appears  the  more  probable  supposition. 

Kono glyoerldes  and  dlglycerldes  result  fron  the  hydrolysis 
of  triglycerides^  and  free  fatty  acids  condition  their  presence; 
the  absence  of  free  fatty  acids  In  a  ooa»erclal  product,  how- 
ever, does  not  neo««»arlly  preclude  the  presence  of  aono glyoerldes 
and  dlglycerldes* 

3olld  alcohols  of  the  cyclic  series  (sterols)  occur  In  oils 
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and  fata  both  in  oorabinatlon  as  esters  and  aa  free  alcohols.^ 

The  amount  of  sitosterol  or  oholesterol  is  generally  small, 
often  inappreolable,  and  is  indicated  apppoxisaately  by  the  un« 
•aponlfiable  laatter  which  it  characterizes.    Alcohols  of  the 
ethane  and  other  series,  free  and  in  combination,  compose  a  con- 
siderable proportion  of  waxes. 

Oils  and  fate,  therefore,  siay  contain  glycerides  of  raono- 
hydroxy  and  dihydroxy  acids,  possibly  free  hydroxy  acids,  monc- 
glycerides  and  diglycerides  and  free  alcohols;  and  the  insoluble 
aolds,  separated  from  the  oils  and  fats,  may  contain  monohydroxy 
and  dihydroxy  acids  and  free  alcohols.    A  portion,  at  least,  of 
the  free  alcohols  found  in  the  insoluble  acids  probably  occurred 
in  the  fat  as  esters.    ^Vith  the  excljAsion  of  the  natural  glycerides 
of  hydroxy  acids  and  a  small  arnotint  of  free  alcohols,  the  acetyl 
number  of  raany  oils  and  fats  oay  be  deemed  an  index  of  quality, 
and  when  considered  in  conjunction  with  the  acid  and  iodine  numbers 
My  serre  to  measure  (more  or  lees  imperfectly,  to  be  sure),  the 
amount  of  hydrolysis  and  of  oxidation  the  product  has  undergone. 
To  differentiate  between  products  of  hydrolysis  m\d  of  oxidation 
the  percent  of  insoluble  acids  and  their  acetyl  number  should  also 
ba  datanained. 

Of  the  oils,  fats  and  waxes  with  an  appreciable  iHintent  of 
hydroxy  aompounds^    might  be  mentioned  candle  nut  oil,  saf flower 
oil,  rape  oil,  peanut  oil,  olive  oil,  elderberry  oil,  Japanese 
aardine  oil,  skate  liver  oil,  shax*  liver  oil,  seal  oil,  horses* 

1  i5ee  niBoerous  references:  Abderhalden,  i^hysiol.  Ohem.  (1908); 
Haamarsten.  i^ysiol.  Chem.  (1011);  I^nthos,  The  i^ats  (lUlOj. 

2  Lewlcowitsch,  Analysis  of  oils,  /ats  and  v?axes,  1,  p.  434 
(1913). 
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foot  oil.  palm  oil.  bone  fat  and  beeswax  having  acetyl  numbers 
between  10  and  20.  neafs-foot  oil.  Japan  wax.  carnauba  wax  and 
woo;  wax  having  acetyl  numbers  ranging  from  25  to  nearly  60, 
and  castor  oil  having  an  acetyl  number  of  about  170. 
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a*     STABILITY  OF  BUTTKR  FAT  SAMPLISS.^ 

In  the  exaniination  of  butter  fat,  the  question  of  stability 
is  one  of  pri»e  iaportanoe,    Should  appreciable  changes  take 
place  in  the  samples,  results  would  be  vitiated  and  deductions 
as  to  the  effect  of  feed  would  be  of  questionable  Taluc.  That 
oils  and  fats  are  readily  acted  upon  by  a  number  of  agcnto  has 
been  long  recognized,  but  whether  butter-fat  samples  as  ordinarily 
treated  would  be  sufficiently  changed  as  to  affect  analytical 
results  is  uncertain,  thoui^it  quite  probable  from  the  nature  of 
the  substance*    To  secure  definite  information  on  the  subject  it 
was  necessary  to  carry  out  several  experiments,  of  wliich  a  de- 
scription with  data  follows • 

The  object  of  the  first  experiiaent  was  to  determine  the  action 
of  air,  li^t  and  moisture,  respectively,  at  tlie  same  tiNaperature , 
upon  butter  fat*    Heat  as  an  independent  factor  could  not  be  studied 
at  that  time  as  it  would  have  inoreased  the  work  to  a  point  beyond 
which  it  could  have  been  handled,  but  the  action  of  heat  was  noted 
more  particularly  in  another  experiment.    About  10  pounds  of 
butter  fat  were  prepared  by  nelting  fredi  butter  and  filtering  the 
supernatant  fat  through  paper  in  a  jacketed  funnel.    Two- ounce 
bottles,  73  in  nveaber,  were  filled  with  the  melted  fat  and  placed 
in  the  north  window  of  the  station  creamery  building  in  March,  1908. 
These  bottles  were  divided  into  seven  seto,  four  of  «*iich  were 
closed  with  a  glass  stopper  and  sealed  with  ceres in  to  practically 


1  This  work  was  undertaken  jointly  with  Dt*  R.  iSaoLaurin, 
but  owing  to  the  resignation  of  i>r,  laacl^urin  it  has  been  oomplet 
and  prepared  for  publication  by  the  writer. 
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eliminate  the  oxidizing  action  of  the  air,  and  the  reminder 
Biaply  protected  tey  a  single  thickness  of  unbleached  Cotton 
cloth  tied  over  the  top.  which  readily  permitted  circulation 
of  the  air«    One  set  of  the  sealed  bottles  was  guarded  from 
li^t^    and  from  moisture,  and  serred  as  a  check.    Two  sets  of 
both  closed  and  open  bottles  had  1  c«c,  of  water  added,  one 
set  of  each  being  exposed  to  north  and  east  lli^t  (not  sun)  and 
one  set  protected  from  liefet^.      Another  set  of  both  cloecd  and 
open  bottles  was  exposed  to  the  light,    ?rom  these  various  com- 
binations it  was  thou^it  deductions  nii^t  be  drawn  as  to  the 
relative  action  of  air,  lig^t  and  moisture  upon  butter  fat. 

The  fat  was  of  fair  average  composition,  as  shown  by  the 


snalytioal  results: 

Saponification  nuaber,  •  •  •  'IZ2^A7 

Acid  Qomber,  «*••••••,...«•  1*48 

Beiohert*Meissl  number,  29,84 

Sean  saolecular  wei^t  of  volatile  acids,  96,90 

Insoluble  acids  (per  cent,),  •«,,••  88*2X 

Mean  looleoular  wei^t  of  insoluble  acids,  253,08 

Iodine  number^  28,40 

Melting  point  (Wiley  method),    32,95°  G. 

Refractive  index,  40®  C  ,  .  .  ,  1,4525 

Valenta  test,    28.50°  C, 


1  In  providing  for  the  circulation  of  air,  a  little  diffused 
lig^t  reached  the  saisples. 
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On©  or  two  saapltts  «er«  drava  froa  ©yery  series  in  June 
and  xteoember,  1908.  and  liaroh  and  October,  1909,  raelted,  fil- 
tered and  analyzed.    The  testing  in  June,  1908,  was  more  or 
less  unsatisfaotory,  especially  the  iodine  number,  because  of 
the  hi^  temperature  prerailing,  and  what  deductions  may  be 
offered  will  be  based  largely  upon  the  remaining:  data,  irtiioh 
represents  periods  of  six,  twelve  and  elpjhteen  months. 

The  original  fat,  wtoen  melted,  gave  a  transparent  oil  of 
a  pronounced  yellow  color  and  a  alight  but  characteristic  odor. 
On  standing,  the  color  gradually  faded •    This,  however,  was 
far  frora  uniform,  ewen  with  members  of  the  same  series.  The 
cheeks  were  very  Irregular,  vaiying  at  the  end  of  the  test  from 
yellow  to  almost  white;  with  moisture  Uie  color  was  leaa  intense, 
with  light  similar,  and  with  moisture  and  lig^t  rather  better 
than  the  checks.    Light,  in  the  absence  of  air,  did  not  accelerate 
loss  of  color. 

Air  induoed  the  most  uniform  destruction  of  color.    As  the 
air  always  carried  more  or  less  moisture,  it  wns  impossible  to 
differentiate  as  to  the  effect  of  li^t  and  added  moisture.  The 
most  notable  cdtiaiige  was  obtained  from  the  combined  action  of  all 
three  factors. 

The  sealed  samples  were  porous,  and  developed  a  elicit  odor, 
unlike  that  of  the  original  fat.  The  open  samples  were  more  like 
tallow,  botli  in  apnearance  and  odor.    Old  samples  containing 
added  water  were  turbid  on  melting,  and  required  considerable 
time  to  settle  clear* 
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As  decornpoaition  of  fats  rmd  oil  seems  to  progress  along 
two  fairly  well-defined  liaea,  that  of  hydrolysis  and  that  of 
oxidation,  only  such  doterainations  were  planned  as  would 
readily  serve  to  laeasurc  axxcHi  (tangos;  aoid  and  saponification 
numbers  for  the  fomor,  and  iodine  number  for  the  latter.  Too 
■uoh  Bust  not  be  expected  of  these  determinations  for  so  ooa- 
plex  a  reaction,  but  they  are  at  least  indicative.    If  the  de- 
composition became  extensive,  other  tests  would  be  warranted. 

As  shown  by  Table  I*,  added  moisture,  in  the  absence  of 
air,  had  no  appreciable  hydro lytio  action  in  excess  of  the 
cheok«    Li^^t  alone,  and  with  moisture  present,  preserved  the 
original  fat  practically  unchanged  for  ei^teen  months  vdiile 
the  check  manifested  a  noticeable  breaking  down.    Moist  air 
Increased  hydrolysis,  both  li^t  and  added  water  intensified 
the  reaction*    Lewkowltseh  states  that  dry  air  without  li^t 
has  no  action  on  oils  and  fats,  and  his  explanation  will  be 
presented  later* 

Aldehydes  were  produced  in  both  open  and  closed  samples, 
as  shown  by  the  brown  color  of  the  saponification  test  (October, 
1909),  except  in  the  sealed  samples  exposed  to  light. 
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In  the  absence  of  air,  added  moisture  appeared  to  have  no 
effect  as  oonpared  with  the  check  on  ttiQ  unsaturated  compounds, 
while  li^t  both  with  and  without  moisture  prevented  oxidation 
to  some  extent  as  maasured  by  tlie  iodine  number  (Table  11), 
The  experiments  of  Ritsert^    proved  th^t  lip^t,  in  the  absolute 
exclusion  of  air,  could  not  produce  rancidity,  but  the  preserving 
action  here  noted  is  a  peculiar  feature  v/orthy  of  further  study. 

Hoist  air  increased  the  oxidation  of  the  fat,  with  li^t  and 
added  moisture  contributing  factors.    Light  in  the  presence  of 
noist  air  was  destructive,  a  marked  contrast  to  its  action  vihen 
air  was  excluded. 

The  hypothesis  of  Lewkowitsch^,  supported  by  the  investiga- 
tions of  Geitel^    and  Duclaux^,  offers  an  explanation  of  the 
probable  changes  that  take  place  in  t^ie  development  of  rancidity 
to  oils  and  fata.    The  initial  change  he  ascribes  to  the  action 
of  moisture  in  the  presence  of  fat-splitting  ensymes.    The  free 
fatty  acids  reaultinf'  from  the  hydrolysis  are  oxidized  by  the  air 
in  the  presence  of  light.    Ritsert^    asserts  that  oxygen  and  light 
must  act  simultaneously,  neither  of  the  agents  nlone  being  able  to 
produce  rancidity. 

On  the  basis  of  the  above  assumption  the  hydrolysis  of  the 
check  samples  must  have  been  due  to  traces  of  moijiture  in  the 

1  Untersuchungen  uber  d.  Ranzigwerden  d.  Fette.  Inaug.  Dissert, 

Berlin,  1890.     {^rom  Lewkowitsoh) . 

2  Analysis  of  oils.  Fats  and  Waxes,  I»  PP-  2^*^?  ii    zi*  v,\ 

3  Jour.  Prakt.  Chem.,  55,  p.  448  (1897),  ( I'Vom  Lewkowitsch ) . 

4  Ann.  Inst.  Pasteur,  1887;   :)orapt.  Rend.  Acad.  aoi..  lo^. 

1077.     (From  Lewkowitsch). 
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fat  and  in  the  air  between  fat  and  stopper,  and  the  oxidation  to 
the  air  and  a  very  limited  amount  of  diffused  li^t.    This  may 
be  possible,  as  the  chantjes  were  not,  in  thonaelves,  excessive, 
though  raUier  out  of  proportion  to  Uie  conditions  prevail ing. 
It  fails,  however,  to  explain  why  similar  samples  in  the  li/jht 
gAve  less  rather  thrm  equal  or  greater  changes  under  conditions 
which  naturally  should  have  been  raore  favorable,    llie  changes  in 
the  open  samples  were  not  wholly  in  accord  with  the  theory.  Li^t 
was  a  factor  in  oxidation,  as  was  to  be  expected,  but  also  in 
hydrolysis,  which  is  difficult  to  explain,    -nth  m?any  points  in- 
deoisive  and  otliers  unconsidered,  the  prime  object  of  the  experi- 
ment kas  been  attained  In  showing  that  filtered  butter<-fat  samples 
of  normal  acidity  can  be  satisfactorily  preserved  in  well- stoppered 
bottles.    The  action  of  hig|i  temperatures  and  sunlight  should,  of 
course,  be  avoided.    As  to  the  soecific  action  of  air,  light  and 
moisture,  the  experiment  should  be  considered  only  preliminary, 
pointing  the  way  for  further  work  under  "control"  conditions, 

Action  of  Heal- 
The  object  of  the  second  experiment  was  to  ascertain  what 
Ghang«s  might  take  place  upon  heating  butter  fat  several  days 
at  50*  C.      Fresh  samples  were  prepared.    After  heating  a  sample 
24  hours  in  a  water  bath,  varying  amounts  were  weighed  for  saponi- 
fication, acid  and  iodine  numbers;  similar  portions  were  withdrawn 
at  the  end  of  48  hours,  and  again  after  72  hours*  heating. 


The  analysis  of  the  oheok  sample  and  of  the  heated  fat 
ar«  presented  in  the  following  table: 


j 

Baponif ioa* 
tion 
Muaber. 

ilold 
number. 

Kther 
Hitnber. 

Iodine 
Hurabor, 

Cheek,  •  •  •  .  . 

•  • 

233,07 

•  84 

- —  t 
232.23 

28.18 

Heated  24  hours. 

•  • 

233.99 

•  74 

233.25 

28.10 

Beated  48  hours. 

•  • 

233.20 

.81 

232.49 

28.17 

H«at«d  72  hours. 

•  • 

233.62 

.83 

232.79 

28.16 

The  results  indicate  a  slight  difference  between  the  tvo 
•aaples  in  spite  of  oareful  mixing,  as  shown  lay  the  saponifioa* 
tion  and  acid  numbers.    Heating  gawe  a  very  slight  increase  in 
aold  number,  otherwise  no  change  is  noticeable.    It  seems  evi* 
dent,,  therefore,  that  any  reasonable  heating  of  butter  fat  at  a 
temperature  not  exceeding  50®  C.  would  have  little  apprecialbe 
effect  upon  an;ilytical  results. 


3.  HJRiyiCATIOH  0?  IlfSOLUBLS  miY  AOIDS, 

Workers  In  oils  and  fata  «xperience  the  saB«  difficulty  in 
obtaining  ohMiloally  pure  products  aa  Inrestigatora  in  other 
lln«»  of  organic  oheraistpy.    The  beat  insoluble  fatty  acida  on 
the  market— Judging  froa  our  experience— are  unsatisfactory  in 
both  physical  characteristics  and  neutraligation  number.  In 
general  appearance  the  acids  that  are  offered  resemble  granu- 
lated curd,  thouf^h  varying  in  color  frora  ^^hite  to  yellow,  and 
contain  considerable  dust  and  dirt.    The  molecular  welf^t,  as 
BMaaured  by  tltratlon'^  in  an  alcoholic  colution,  may  deviate 
from  the  theoretical  by  10  to  15  points.    These  statements  apfly 
to,oh«Bioals  marked  *C»P,"  and  bearing  the  name  of  a  reputable 
manufacturer  or  dealer. 

The  writer  required  stearic,  palmitic,  myristic,  laurio  and 
oleic  acids  for  certain  testa,  and,  finding  it  impossible  to 
purchase  them  of  the  desired  quality,  wc(8  forced  to  undert.'ike  a 
study  of  various  methods  for  their  purification.    As  the  cliaracter 
of  the  unsaturated  acids  is  so  unlike  that  of  the  saturated,  only 
treatment  of  the  latter  will  be  considered  at  this  time.  The 
nethods  that  seemed  the  best  ndapted  for  the  purpose  were  dis- 
tillation of  the  fatty  acids  in  vacuo,  crystallization  from  alco- 
hol, and  distillation  of  the  tethyl  esters  in  vacuo,  and  all  were 
given  extended  trial. 


1  The  saponification  process  la  preferable  in  aome  respects 
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Dl^y^ill^^tion  of  jyie  Fatty,  Aoids  ia  Vacuo. 

Direct  diatillatlon  under  reduced  pressure  waa  sucoeasfully 
©fflployed  a  few  years  ago  by  Partheil  and  ^eriel,  atarting  with 
Kahlbaum's  beat  acids.    Upon  careful  test  the  writer  foiuid  that 
the  !ncthod  posaesaed  certain  objectionable  featurea  whl(^  render 
it  rather  impracticable  for  ordinary  use.    If  it  waa  merely  a 
queation  of  distillation  of  the  acida,  the  proceaa  would  be  lesa 
difficult,  but  for  fractionation,  uaing  a  Bruehl  or  elmilar  type 
apparatua.  it  proyed  almost  impoasible,  in  case  of  the  hi^er 
adds,  to  prevent  solidification  in  the  aide  neck  (outflow  tube). 
The  danger  arising  from  a  plugged  apparatua  at  the  hi^  tem- 
perature involved  has  also  to  be  taken  into  account.    An  atteiupt 
vfts  Bade  to  heat  the  tube  and  keep  the  acids  liquid  1^  raeans  of 
a  hot-wat«r  Jacket,  also  by  an  electrically  heated  asbestos  cover- 
ing, hut  neither  process  fully  met  the  requirements  of  the  case. 
The  slow  distribution  of  heat  in  vacuo  is,  of  course,  one  of  the 
ob8taol«»  In  the  way.    For  the  distillation  of  solids  of  hi^  molt- 
ing point  Bredt  and  A»  van  der  Maaren-Jansen^    devised  an  elabo- 
rate piece  of  apparatus  having  a  flask  and  receiver  of  special 
construction,  and  an  oYex*flow  tube  h©ited  by  electric ity,  but  it 
is  hardly  suited  for  a  general  laboratory    or  for  handling  any 
considerable  quantity  of  material* 

There  are  two  other  conditions  necessary  for  a  successful  dis- 
tillation of  fatty  acids,  namely,  absence  of  moisture  and  a  current 
of  hydrogen  or  carbon  dioxide  to  prevent  bumping  and  to  lessen 
decomposition.    Overlapping  of  the  acids  in  different  fractions 


1  Arch,  Pharm.,  241.  p.  545  (1903). 

2  Liebig's  Ann.  Ohea.,  354,  p.  367  (1909). 
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cannot  bo  otorlatod  entirely,  and  If  an  unsaturated  add  wa« 
proaent  in  the  original,  it  will  prob.h- 
erery  fpactlcn, 

students  und.r  th.  direction  of  Profeaaop  Burrows  of  the 
0»lT.rBlty  of  Vermont  have  applied  this  prooea.  for  a  partial 
■eparation  of  the  inaoluble  aoide  of  several  olla  with  a  fair 
■eaaure  of  eucoes..    With  all  due  allowance  for  the  poauibilitiee 
of  the  method  in  the  production  of  pure  oaturHted  f,tty  aoida, 
the  inherent  diffioultiea  render  it  inadyiaable  in  aoat  inatancea. 

Crystallization  from  Alcohol, 

Crystallization  in  this  connection  is  practically  limited  in 
its  application  to  ttie  remoyal  of  a  small  amount  of  impurities, 
•specially  unsaturated  acids.    It  con  hardly  be  considered  other 
than  a  supplementary  treatment,  though  excellent  for  that  pur* 
pooo,  to  follow  either  of  the  distillation  methods.    Dxy  neutral 
alcohol  suitable  for  such  woric  can  be  prepared  by  distillation 
after  treatment  with  caustic  IL-ie.    In  dissolving  the  acids,  care 
should  bo  taken  to  aroid  heating  to  a  higher  temperature  than  is 
required  for  solution,  or  to  prolong  the  heating  unduly,  as  it 
will  cause  the  formation  of  eaters.    Soreral  minutes'  boilin^^  of 
tho  different  fatty  acids  in  alcohol  caused  the  following  loss  in 
neutralisation  number; 

Stearic  acid,    1.70 

Palaitic  acid,    ••••  .•.  .56 

Ifyrlstio  acid,  J?. ^4 

Laurie  aoid,   .89 

Oleic  aoid.  28 
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Reterification  undoubtedly  causeo  a  serious  error  by  this 
proce»0  of  purification.    Under  more  careful  treatment  the 
change  is  not  as  rapid  aa  ohowi  above,  but  is  evidently  cumula- 
tive and  may  even  exceed  the  figures  given.    Further  study  may 
warrant  t^ie  substitution  of  a  more  stable  solvent,  auoh  as 
acetone,    For  the  filtration  a  water  or  ice  jacketed  funnel  is 
almost  neoessary,  particularly  for  the  acida  of  low  melting  point, 
and  auction  is  a  ttae  saver«    Repeated  crystallization  is  needed 
to  bring  out  the  true  crystalline  structure  rmd  silvery  luster 
of  the  leaflet*    7acuum  drying  at  a  low  temperature  is  one  of  the 
most  eff ieient  means  for  removing  adlierin^?  alcohol  and  traces  of 
■loisture  without  injuring  the  structure.    Crystallization  as  a 
whole  is  wasteful  of  acida  and  solvent  unless  both  are  recovered, 
but  is  essential  for  the  production  of  a  superior  product* 

i)iatillation  of  the  Kthyl  Bsters  in  Vacuo* 

As  ethyl  esters  distill  freely  in  vacuo,  the  process  admits 
of  a  more  ready  application^  and  to  products  of  a  greater  range  of 
purity,  than  does  a  distillation  of  the  acids*    After  considerable 
experimenting  it  was  found  that  the  esters  are  easily  prepared 
by  heating  in  an  open  flask  equal  parts  (100  grams)  of  fatty  acids 
and  alcohol,  together  wit^^  a  small  quantity  (10  c*c*)  of  ccoioen- 
trated  hydrochloric  aoid,  using  capillary  tubes  to  prevent  bumping* 
The  reaction  requires  about  30  minutes,  rifter  wiiich  the  excess  of 
hydrochloric  acid  can  be  removed  with  a  separately  funnel.  The 
distillation  is  conducted  in  a  500  c*c,  "low*  side  neck  flask, 
with  ft  uamXl  (8  inch)  Liebig  condenser  and  a  large  siza  3ruehl 
fractionation  apparatus.    Heat  is  furnished  by  means  of  a  linseed 
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oil  bath,  and  suction  by  a  p«ap  of  ar^r  type,  u.lng  a  ««poury 
■an«B«tcr  to  prove  constancy  of  vacuura*    The  ncolf  of  the  flask 
from  the  shoulder  to  an  inch  op  laore  above  the  side  tube  should 
be  wound  with  asbestos  paper  to  pperent  cracking,  due  to  sudden 
(Ganges  of  teaperature.    The  condenser  should  be  kept  full  of 
water,  without  circulation,  to  serve  as  a  hot-water  Jacket* 
The  vacuum  should  be  as  hi^  as  the  flask  will  safely  withstand, 
but  above  all  uniform,  otherwise  the  fractions  are  of  questionable 
value.    The  teiapernture  range  of  an  ester  also  varies  with  the 
distance  between  surface  of  liquid  and  side  tube.    At  least  one 
redistillation  of  like  fractions  is  necessary. 

As  the  esters  are  very  stable,  tiore  difficulty  was  experienced 
in  finding  some  means  for  their  quantitative  decomposition  than  in 
any  other  portion  of  the  work.    Heating  with  mineral  acids 
hydroljcxes  the      esters       very  slowly,  even  under  pressure.  If, 
however,  the  esters  are  first  saponified^    by  heating  over  a  naked 
flam  with  twice  their  volume  of  glycerol  and  an  excess  of  caustic 
potash  until  all  the  alcohol  is  expelled,  and  then  the  resulting 
soap  dissolved  in  water  and  heated  on  a  water  bath  with  a  slight 
excess  of  sulfuric  acid,  the  separation  is  rendily  acconplished. 
This  plan  was  suggested  by  the  Lef jnoann-Beam  saponification  for 
volatile  acids,  and  after  extended  trial  proired  the  nost  thorou^ 
and  rapid  means  for  decouiposing  the  eatero.    The  resulting  acid 
should  be  washed  in  a  separatory  funnel  with  boiling  water  until 
clear,  and  the  cake  allowed  to  drain.    As  previously  stated, 
several  crystallisations  are  necess<iiy  if  a  crystalline  product 


1  Observing  the  usual  precautions  given  for  the  deterialnatlon 
of  insoluble  fatty  acids,  I£ass,  Agr.  Kxpt,  Sta,,  Rpt.  21,  p.  130 
(1909). 
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Of  aatiafactory  molting  point  and  neutralization  number  is  to 
!>•  Mcured.    ^en  crude  aoida  are  €Taployed  it  ia  also  advisable 
to  ciystallize  at  tlio  outset  to  exclude  a  a»jor  part  of  the 
unsaturated  acids,  tdiich  ottierwise  would  prove  troublesome. 

To  »ai««riae: ••saturated  fatty  acids  may  be  purified  by 
distillation  of  the  acids  or  their  ethyl  esters.    The  latter 
method  is  less  dangerous  and  easier  to  manipulate^  alUiougii  more 
steps  are  required,    Cz^stalliaation  ia  a  finishing  rather  than 
an  initial  process  of  purification. 
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PtJRIFICATIOH  OP  QIMIG  ACID. 

th«  preparation  of  pur^  oleio  acid  hy  the  raetboda  in  vogu© 
is  extraawly  difficult  requiring  long,  tedious  manipulation  to 
insure  the  ccaplete  elimination  of  saturated  (solid)  tatty  acids, 
aoide  of  less  saturation  than  oleic  and  neutral  substances* 
Almost  any  of  the  nondrying  oils  or  fats,  such  as  almond  oil, 
ollre  oil  or  tallow  ai^t  be  employed  for  the  purpose  but  tallov 
is  preferable »  according  to  Lewkowitsoh,  as  it  is  practically 
free  frora  less  saturated  acids,    ^amsteiner,  however,  obtained 
satisfactory  results  with  oltre  oil.    The  prescribed  treatment^ 
consists  in  separating  the  liquid  acids  by  solution  of  their  lead 
salts  in  ether  or  bensene  and  purifying  the  resulting  oleic  acid 
by  crystallisation  of  the  barium  salt  from  alcohol  or  a  mixture 
of  bensene  and  alcohol.    The  method  requires  considerable  time 
and  practice  and  is  necessarily  rather  expensive. 

The  experience  gained  in  purifyin^^  satiirated  fatty  acids 
warranted  an  attempt  at  similar  treatment  for  oleio  acid.  The 
•took  secured  for  experimental  use  h^id  an  iodine  number  of  84.08, 
equivalent  to  93*49  percent  oleio  acid,  nhioh  would  indicate  a 
grade  of  acid  th«t  is  ordinarily  prepared  from  tallow.  Shaking 
out  with  boiliing  water  had  no  apprecialbe  effect,  neither  did 
centrifuging  in  the  cold.    As  distillation  at  ordinary  pressure 
would  unquestionably  result  in  serious  decomposition  and  as  dis- 
tillation in  a  current  of  siiperiieated  stean  wa»  impraetioablev 
distillation  in  vacuo  was  undertaken.    The  earn  apparatus  was 
eaiployed  as  in  fractionating  the  ethyl  esters  of  saturated  acids 


1  For  details,  see  Lewkowitsoh,  Analysis  of  Oils,  ^ats  and 
Ikxes,  1,  p.  179  (1913). 
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except  that  a  current  of  dry  carbonic  acid  gas  was  eubetituted 
for  air  to  facilitate  diet  illation  and  to  prevent  decomposition. 
Aa  ordinary  auction  pump  failed  to  taaintain  aa  high  or  as  oon« 
Btant  a  raouum  as  desired,  nevertheless  a  fraction  was  obtained 
betWMin  and  223«  C.  nrhich  had  an  iodine  number  of  89.29, 

equivalent  to  99*29  percent  of  oleic  acid,  nhich  was  very 
encouraging  under  the  circiaastances  and  promises  a  method  worthy 
of  further  study. 


4.     A3  kmXPT:  AT  SKPARATI30  I!ii30LaBI^  FATTY  ACIDS 

BY  THSIR  LITHIUM  SALTS, 

The  methods  for  fat  analysis  whl<^  hare  been  described 
at  some  length  are  largely  "grotip"  tests.    They  may  indicate 
the  nature  o  f  an  ole€^(inous  product  and^  to  some  extent,  the 
quality,  in  so  far  as  hydrolysis  and  oxidation  are  concerned , 
but  are  insufficient  for  detenaining  tlie  various  constituents, 
which  seems  essential  when  the  effect  of  feed  is  being  studied 
as  in  the  case  of  butter  fat.    Tlumerous  ted-inioal  methods  have 
been  adrooated  for  such  work  but  few,  if  any,  have  received 
general  acceptance.    The  insoluble  acids  merit  first  considera- 
tion as  they  comprise  from  85  to  95  per  cent  of  most  oils  and 
fats*    A  number  of  methods  for  the  separation  of  the  different 
insoluble  acids  is  possible,  nnmely: 

Fractionation  in  vacuo  of  the  fatty  acids  or  tlieir  ethyl 
esters, 

J*raotional  crystallization  by  reducing  temperature  and 
volume  of  solvent, 

BoluMlity  of  their  salts  in  organic  solvents. 

Factional  distillation  as  a  means  of  purification  has 
already  been  treated,    From  an  analytical  standpoint  the  process 
is  objectionable  in  requiring  complicated  apparatus  and  too  much 
material,  in  overlapping  of  fractions,  in  the  occurrence  of  un- 
saturated acids  in  every  fraction,  and  in  deccciposition.  In 
brief,  it  IB  ill  adripted  for  quantitative  separntlons,  a  conclusion 


J 
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•upported  toy  Brownel  and  by  unpublished  data  of  the  Chemical 
Bepartaent  of  the  University  of  Venaont. 

Crystallization  is  also  beset  with  difficulties  such  as  the 
maintenance  of  constant  temperature  during  formation  and  fil- 
tration of  crystals,  slowness  of  formation,  and  ororlapping. 
The  method  necessitates  long  tedious  manipulation  to  insure 


results  of  value* 

Salts  of  lead,  magnesium,  bariun,  lithium  and  other  bases  have 
been  used  by  various  woricers  in  the  scpatation  of  insoluble 
acids  with  some  measure  of  success,    Partheil  and  Ferie  employed 
lithium  and  as  their  method^    appeared  the  most  promising  it  was 
adopted  tentatively  for  the  analysis  of  the  insoluble  acids  of 
butter  fat* 

By  their  process  1  gram  of  sample  is  saponified  witli  15  c.a. 
of  H/2    alcoholic  potash,  dissolved  in  100  o.o*  of  50  percent 
alcohol,  neutralised  with  dilute  acetic  acid  using  phenolphthalein 
as  indicator  and  a  10  percent  solution  of  lithium  acetate  in  50 
percent  alcohol  added*    On  heating  to  60®  C,  the  solution  clears 
and, on  cooling,  lithium  stearate,  palmitate  and  a  major  portion  of 
the  myristatc  are  said  to  precipitate  leaving  the  remainder  of  tlie 


J   lithium  Eiyristate  and  lithium  laurate,  oleate  and  leas  saturated 

A 

aoids  in  eolution  from  ixdiich  the  unsaturated  acids  are  separated 
by  means  of  their  lead  saltv.      These  fractions  can  be  resolved 
into  their  constituent  acids,  dried,  weired  and  the  mean  molecular 
wei^t  determined  from  wiiioh  data  the  percentage  of  the  different 
acids  in  eacii  fraction  can  be  readily  calculated,  provided  no  more 


lithium 


1  Penn,  State  College  Rpt.  1899-1900, p.  228  (1900). 

2  Arch.  Phantt*  241,  pp.  545-569  (1903). 
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than  two  undetermined  aoids  are  preeent  In  any  one  fraction. 
The  Talue  of  the  method  depends  in  large  measure  on  the  correct- 
M88  of  the  assumption  that  the  rarioua  salts  in  mixtures  of 
all  proportions  maintain  solulailities  confoming  to  the  scheme 
of  separation.    The  determined  solubility  of  tl\e  several  salts 
alone  does  not  suffice. 

After  considerable  preliioinary  work  it  was  deemed  advisable 
to  begin  operations  with  1  gram  of  insoluble  aoids  instead  of 
fat,  remorvlng  tlie  soluble  aoids  and  glycerol  before,  rather  than 
during  the  process,  and  thereby  eliminate  tlie  possible  influence 
of  these  factors  which  in  the  case  of  butter  fat  constitute  a 
considerable  percentage.    The  strength  of  alcohol,  ratio  of  fatty 
acids  to  solvent  and  temperature  of  solvent  during  crystallization 
were  studied  with  the  result  that  1  gram  to  150  o«c.  of  50  percent 
alcohol  at  17®  C.  were  adopted  as  apparently  the  most  satisfactory 
from  the  standpoint  of  practical  manipulation.    The  acids  are 
converted  into  soaps  by  heating  to  60^  C.  and  titrating  with  H/2 
alkali,  using  phenolphthalein  as  indicator.    The  amount  of  pre- 
cipitant and  conditions  favoring  the  formation  of  a  crystalline 
precipitate  were  also  carefully  investigated.    Lithium  has  weak 
basic  properties.    Three  times  the  calculated  amount  of  lithium 
acetate  dissolved  in  50  percent  alcohol  (15  to  100)  added  to  the 
warm  soap  solution  after  fainl>y  acidulating  with  dilute  acetic 
acid,  throws  down  on  cooling^    a  bulky  semi  transparent,  granular 
prcolpi****  of  salts  of  the  hi^er  fatty  acids  that  filter  and 

rcndily.  These  conditions  entirely  prevent  the  formation  of 
•ticky  precipitates,  difficult  or  impossible  to  handle.  The  high 
solubility  of  the  precipi44ted  salts  necessitates  rapid  filtration 

 r  Freauent  rotation  of  the  solution  is  necessary  during  ti.e  coolin 
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ion 


with  a  mlnlaum  of  washing  in  ordor  to  avoid  Berioua  loaa.  This 
waa  finally  accomplished  by  means  of  a  filter  tube  with  a  cott 
felt  supported  by  a  glass  bead  using  suction,    the  washing  was 
limited  to  four  successive  5  c.o.  portions  of  alcoholic-acetate 
w&Bh  (1  graia  acetate  to  100  c.c.  50  percent  alcohol),  and  is 
effective  on  the  small  area  involved.    The  wash  was  based  on  the 
theory  of  like  ions,  analogous  to  the  treatment  of  Paris  green 
and  is  preferable  to  either  50  percent  alcohol  or  water.  The 
ppeoipi4Afee  is  washed  back  into  the  original  flask  with  boiling 
water  and  the  alcohol  carefully  evaporated  fron  hotii  f Pactions 
in  a  water  bath.    Partheil  and  Ferie  convert  the  lithium  salts 
of  the  filtrate  into  lead  salts  and  separate  the  unsaturated  froai 
the  saturated  acids  by  the  lead- salt-ether  method.    A  careful 
investigation  indicated  that  this  separation  was  superfluous 
where  only  one  unsaturated  acid  is  present »  ad  it  could  be  readily 
determined  later  by  the  iodine  process.    With  this  modification 
the  alcbhol-free  fractions  are  made  to  a  volume  of  150  c.c.  with 
hot  water,  0.5  gram  of  oeresine  added  to  coalesce  tlie  fatty  acids 
and  to  lessen  decomposition  of  unsaturated  acids  and  treated  with 
a  slight  excess  of  sulfuric  acid  to  free  the  fatty  acids  which  are 
washed,  dried  in  a  vacuum  oven  at  60®  G,  and  wei^^ed  in  a  manner 
similar  to  that  prescribed  for  insoluble  acids. 

Solution  of  the  separated  fatty  acids  in  alcohol  and  titration 
with  alkali,  as  in  acid  number,  did  not  yield  accurate  molecular 
waists,  due  possibly  to  the  formation  of  rmhydrides  or  of  ethyl 
esters,  to  the  presence  of  oeresine  or  to  the  reluctance  with 
¥diich  oleic  acid  combines  with  its  full  amount  of  alkali.  Saponi- 
fication with  an  excess  of  alcoholic  potash  proved  more  satisfactory 
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After  titrating,  the  aolution  ie  rendered  distinctly  alkaline, 
th«  aloohol  vraporated  and  the  xinsaturated  acida  in  both  j^otitms 
determined  on  the  dry  residues  by  the  iodine  absorption,  Wijs 
solution.    The  accuracy  of  tiie  iodine  prooeso  for  ordinary  oleic 
acid  is  conceded  and  it  certainly  is  preferable  to  the  lead- salt - 
ether  method  for  this  purpose. 

The  Partheil  and  9erie  ae^od  was  obaerred  in  all  essentials 
and  improved  in  many  particulars,  but  the  solubility  of  the  various 
lithium  salts  did  not  conform  to  the  promulgated  scheae  of  separa- 
tion; for  instance,  about  one-quarter  of  the  lithium  oleatc  (the 
most  soluble  salt)  was  precipitated  in  nearly  every  case,    V/ork  on 
the  Partheil  and  7erie  method  was  undertaken  after  a  careful  review 
of  their  report  and  with  t>je  expectation  that  the  process  fully  met 
the  claims  set  forth.    The  investigation  was  continued  about  three 
years,  except  during  hot  weather,  and  nany  difficult  features  of 
nanipulatlon  solved,  but  changes  in  detail  could  not  rectify  errors 
in  principle. 

The  total  recovery  of  fatty  acids  was  excellent,  generally 
exceeding  95  percent.    The  final  results  or  calculated  percentages] 
of  the  several  fatty  acids,  however,  were  not  sufficiently  concordmni 
nor  of  a  character  to  warrant  further  woi^  alonpc  this  line.  This 
failure  was  due,  in  our  Jud^aent,  to  inherent  faults  of  the  method 
and  not  to  manipulation.    The  reasons  for  the  sirae  nay  be  briefly 
sianarized, 

failure  of  the  salts  to  maintain  the  solubilities  claimed. 
The  amount  of  material  that  can  be  handled  by  the  method  is 
inadequate  for  satisfactory  molecular  weifl^bt  determinations  which 
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aw  an  esBentlal  part  of  the  test. 

The  one-grara  portion  of  fatty  acids  under  examination  is 
subjected  to  four  distinct  prooeasee  (three  of  #iioh  come  after 
its  division  into  two  parts)  requiring  8  to  10  days  for  com- 
paction.   To  obtain  quantitat^Y<|  results  on  so  unstable  a  product 
and  in  so  small  an  amount  under  such  treatment  necessitates  an 
ft3i;a0^n?8y.  greater  than  analytical  proceddre  permits. 


5.    DETERHI5ATI0H  OF  ST38AHIC  ACXB  13  BUTTSR  ^AT, 

lotroduotion. 

Oils  and  fats  are  oompoaed  largely  of  neutral  glycyl  esters 
together  with  small  amounts  of  free  fatty  acids  and  uneaponif table 
natter,    yormerly  the  eetere  were  considered  simple  glyoerldeo, 
eoBpounds  of  glycerol  and  three  radicals  of  the  eane  fatty  acids. 
At  present  the  opposite  view  seems  to  prevail  and  mixed  glycoridea 
aire  said  to  predominate  in  taost  products*      The  subject  is  con- 
troYeraial  and  difficult  of  solution.    The  constituents  would  be 
the  same,  however,  in  either  case  tdiether  combined  as  simple  or 
complex  molecules.    The  object  of  a  technical  examination  of  oils 
and  fats  is  to  isolate,  identify  and  determine  the  various  fatty 
acids,  glycerol  and  unsaponif iable  bodies  altliough,  as  Lewkowitsch 
asserts,  this  is  not  attainable  in  the  present  state  of  our  knowl- 
edge.    Certain  progress  has  been  made  in  determining  different 
constituents  of  fats  by  indirect  methods  such  as  the  iodine  absorp- 
tion, acetyl  number,  molecular  weigjit  calculations,  etc.  Direct 
■ethods  of  fractional  distillation,  crystallization  and  solubility 
of  various  ealte  have  not,  is  a  rule^,  proved  sufficiently 
discriminative  for  quantitative  use. 

After  several  years •  investigations  of  the  Partheil  and  Ferle 
Method^    which  proved  unsatisfactory  in  our  hands,  the  author 
undertool^  a  study  of  methods  for  dcteniiining  stearic  acid  in  butt 
fat. 


1  There  are  some  exceptions,  however. 

2  Ap<*.  Phana.,  241,  pp.  545-569  (190 


^r^^ey  Ipvestigation^. 

For  the  separation  of  stearic  from  other  fatty  aoids, 
David  recosffliended^    a  special  alcohol  and  dilute  acetic  acid 
solution  saturited  with  stearic  acid  at  15®  C.,  in  Tf»hioh  solu- 
tion oleic  acid  was  shown  to  be  soluble. 

The  Hehner  and  Isitcliell  method^    for  isolating  stearic 
from  other  fatty  acids  was  based  on  the  hypothesis  that  a  mix- 
ture of  fatty  acids  heated  with  a  solvent  saturated  at  a  given 
temperature  with  the  acid  under  deterraination,  might  be  expected 
on  cooling  to  that  temperature  to  crystallize  the  whole  of  the 
acid  sought,  provided  the  other  constituents  did  not  increase 
the  solubility.    The  solvent  employed  was  methylated  alcohol 
(94.4  percent)  saturated  with  stearic  acid  at  0,2^  C,  preoared 
by  chilling.a  solution  of  3  grams  to  a  liter  overnight    in  ice 
water,  and  siphoning  off  the  saturated  mother  liquor  Uirouf^  a 
small  thistle  tube  covered  with  fine  calico,  using  suction.  The 
tests  were  conducted  in  a  similar  manner,  taking  from  0.5  to  5  grams 
of  insoluble  acids  (according  to  content)  to  100  o,o.  of  alcoholio- 
stearic  solution.    Shaking  was  found  to  increase  precipitation. 
Supereaturation  and  esterification  -Tcre  recognized  as  possible 
sources  of  error.    The  method  gave  concordant  results  with  solid 
fats  containing  considerable  stearic  acid,  but  sliglit,  if  any, 
precipitate  from  tJie  acids  of  butter  fat  and  from  raixturea  of  the 
acids  of  Japan  wax  and  pure  stearic  acid. 

Jlaerson  noted considerable  variation  in  the  content  of 


1  Coapt*  Rend.  Acad.  Sci..  87.  pp.  1416-1418.    Jour.  Chem.  Soc. 
Ab«.  34,  pp.  1011-1012  (1878). 

2  Analyst,  21,  pp.  315-331  (1896)  .  ^ 

3  Jour.  Aier.  Chem.  Soo.         pp.  1751-1756  (1907). 
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different  saturated  aolutiona  and  found  that  superaattiration 
seemed  to  ooour  yrhen  leas  than  0»7  grain  to  100  c.c.  was 
•Btployed  in  preparing  the  solution.    The  formation  of  ethyl 
esters  appeared  to  he  a  souoe  of  error  and  to  Irnre  increased 
the  apparent  solubility  of  the  stearic  acid. 
Kreis  and  Hafner  8}iowed^    that  small  amounts  of  stearic  acid 

below  0,1  gram  to  100  o.c,  of  a  saturated  solution,  fomed 
supersaturated  solutions,  and  tlmt  less  than  0,05  gram  gave 
low  and  extreraely  variable  results  even  upon  the  addition  of 
crystals  of  stearic  aoid« 

Leifricowitsch  claimed^'    t^at  the  method  yielded  capricious 
results  with  mixtures  of  stearic,  palmitic,  and  oleic  acids, 
and  that  in  many  cases  the  results  were  entirely  unreliable 
wben  otiier  acids  were  present.    He  stated  that  a  considerable 
proportion  of  lauric  aoid  would  prevent  the  complete  precipita- 
tion of  stearic  aoid  even  when  supersaturated  alcoholic-ateario 
solutions  were  used,  and  that  acids  of  higher  melting  point, 
^en  present,  such  as  ara<*iio.  dihydroxy stearic,  etc.,  would 
appear  in  the  separated  acids.    He  reported  a  precipitate  of 
0.49  percent  from  butter  fat,  of  which  a  portion  might  be 
arachio  and  myristic  acids. 

The  results  obtained  by  various  investigators  indicate  that 
the  solubility  of  stearic  aoid  increased  vrith  the  strength  of 
th«  alcohol,  but  the  figures  reported  are  too  variable  to  warrant 

further  deductions. 


1  Ztschr.  Untersuch.  Hahr.  u.  Genussntl.,  ^'  PP"  f  T^^isf 

2  Analysis  of  oils,  Fats  and  Waxes,  1,  pp.  556-559  (1913). 
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Solubility  of  Stearic  Acid. 


Approximate 

^5H  1^  Wi  k 

Alcohol . 

1 

Stearic  Acid  i 
bO  xuu  c.c. 

Saturation 
or  100  c.c. 
at  0"  C. 
\  urxans  I  • 

Hehner  and  Mitchell 

94.4 

0,2  -  0.5 

•1400-.1680 

Aierson  1 

95.5 

.7 

.1223 

•  1 

95 

.7 

.1123 

• 

94.5 

.7 

•  103S 

Kreis  and  Hafner 

95. 

.S 

.1220-. 1310 

LewkowitBch^ 

94*4 

.3 

•  0814 

• 

94.4 

.7 

.0810-. 1082 

Rattan^ 

100. 

1 

.373 

1  Loco  citato,  p.  164. 

2  Eighth  Intemat.  Cong.  Appl.  Chen..  25,  p.  440  (1912). 


Preliminary  ?^oyk. 

In  view  of  what  has  been  stated,  the  outlook  for  another 
investigation  was  not  pr<Kaiaing  although  Lewkowitsch's  final 
arraignment  of  the  process  was  not  published  until  nearly  a 
year  after  the  work  was  undertaken.    The  subject  was  of  suffi- 
cient importance,  hawerer,  to  warrant  additional  atudy,  what- 
ever the  outcc«ae. 

Apaaratua.— 'To  insure  uniform  temperature  for  crystalliza- 
tion, a  tank  was  constructed  of  7/8"  laaterial  (20  1/2*  long. 
10  l/4»  wide  and  20  1/2"  deep),  lined  with  galvanised  iron. 
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proYided  with  a  ti^t  corep  and  supported  by  legs  to  a  con- 
▼enUnt  woPkin<?:  hei/^t.    For  ioing,  a  basket  (l^Vs"  x  6"  x  18") 
of  galvanized  screening  of  5/16  mesh,  holding  probably  30  pounds 
of  broken  lee,  vas  found  very  satisfactory.    The  Insulation 
with  wood  together  wit)i  the  large  volume  of  water  and  ioe 
proved  inadequate  to  meet  the  requireiaents  of  the  case  and  it 
was  nscessary  to  install  in  one  comer  of  t>ie  tank  a  pump  run 
by  a  motor,  to  keep  the  water  in  continuous  circulation.  With 
this  apparatus  a  constant  temperature  of  about  0.1®  C,  was 
easily  maintained. 

Several  factors  had  to  be  considered  in  the  selection  of 
containers  in  which  the  tests  ware  to  be  conducted.    They  must 
be  of  a  form,  size  and  weig}it  suitable  for  weighing  the  oliarge 
on  analytical  balances,  easily  held  in  position  in  the  tank  and 
from  which  the  alcoholic  solution  could  be  removed  while  still 
in  the  tank,  living  the  crystalline  residue.    After  numerous 
experiments  with  globe-shaped  separately  funnels  and  filtering 
tubes,  8-ounce  sterilizer  bottles^    were  adopted  and  have  been 
found  entirely  satisfactoiy .   The  bottles  arc  of  narrow  cylin- 
drical form  (6  3/4"  x  2*)  and  are  held  in  place  in  the  tank  by 
pockets  of  wire  screening  with  only  tJio  rubber  atoppcr  and  a 
nail  portion  of  the  neck  projecting  out  of  the  water.  The 
solution  is  siphoned  off  lay  means  of  a  small  thistle  tubs  (1/4** 
bulb)  having  a  felt  of  absorbent  cotton  weighing  ,015  gram 
supported  lay  a  glass  bead,  and  covered  with  a  piece  of  oliesseeloth. 


1  Manufactured  by  V^hitall  Tatura  Company. 
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SSaia.— ?or  the  preparation  of  an  aloohollc-etearic 
Bolution,  conslttuents  of  hl0i  quality  were  deened  eaoential 
for  aatiafactory  work.    The  purification  of  alcohol  had  been 
8  subject  for  atudy  for  a  number  of  years  in  connection  with 
the  ordinary  analyaia  of  oils  and  fats,  aa  previously  dea- 
erlbed  under  "Improved  Hethqdto  for  Fat  Analysis".    The  strength 
averaged  over  95  percent  by  volume,  althoujsji  the  lime  eaployed 
contained  too  rauch  hydrate    to  be  efficient  as  a  drying  agent. 

One  lot  of  stearic  acid,  a  mixture  of  several  grades,  was 
purified  by  fractional  distillation  of  the  et>iyl  eater  in 
vacuo  and  subsequent  repeated  crystallization  of  the  separated 
acids  from  alcohol  as  already  described  under  "Purification 
of  Insoluble  Fatty  Acids".      Another  lot  of  acid  with  a  molecular 
weight  of  271,13  was  purified  by  10  or  more  crystallizations 
from  alcohol  to  a  molecular  wei^t  of  284,25,  and  again  to  284.71, 
although  the  resulting  leaflets  were  far  less  perfect  than  in  the 
fomer  case. 

When  using  separatory  funnels  and  filtering  tubes,  alcoholic- 
stearic  solutions,  saturated  at  0.1°  C,,  applied  to  the  insoluble 
acids  of  butter  at  the  rate  of  150  c.c.  to  0.5  gram    of  material 
aeldoa  yielded  an  appreciable  amount  of  precipitate  on  standing 
even  with  the  addition  of  crystals  of  otearic  acid  and  thoroggh 
agitation.     Solutions  testing  about  0,22  and  0.24  gram    of  stearic 
acid  to  150  c.c,  gave  someiAiat  hi^er  results,  although  of  erratic 
and  untrustworthy  character.     In  the  attempt  to  develop  a  method 
with  this  apparatus,  over  140  determinations  were  made  on  butter 
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acids,  stearic  acid  mixtures  of  butter  and  etearic  acids,  stearic 
and  oleic  acids  and  stearic,  myriatic  and  oleic  acids.    The  object 
was  not  attained,  ruid  moat  of  the  data  vrill  be  omitted  as  it 
would  serve  no  useful  purpose,  merely  indlcatln/^  the  time  and  labor 
involved.    The  results,  however,  with  solutions  of  stearic  acid 
alone  appear  to  warrant  certain  deductions; 

Solutions  containing  frora  0.25  to  0.^>y  gram    of  stearic  acid 
to  150  c.c.  crystallized,  leaving  mother  liquor  of  unlike  com- 
position (saturation). 

Saturation  varied  inversely  with  the  amount  of  stearic  acid 
present. 

Presumiikly,  therefore,  supersaturfition  occurred  as  a  result 
of  insufficient  stearic  acid.    See  table  following. 

Tine  of  standing  nay  have  had  some  influence  but  when  in 
txotss  of  24  hours  was  of  minor  consequence. 

The  f  o™  of  the  container  as  viewed  in  the  light  of  subse- 
quent work  was  a  factor  of  considerable  importance;  a  globe- 
shaped  vessel  was  less  effective  than  a  long,  narrow,  cylindrical 
one  of  large  surface  area. 


/ 
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Cryatalllzatlon  of  Stearic  Aoid  from  Soluti 
of  iJifferent  Content. 
(Using  Separatory  Funnels), 


Alcoholic- 

fi^  An  1*4  n 

Solution. 

1  f*T*nm  a    4  n 

150  o,c«) 

Additional 
Obsaric  Acid 
Taken, 
vuraasj • 

-  .  i 

Precipitate . 
(Grams). 

Saturation. 
(Grams  in 
100  o^c.) 

•  2406 

.0100  i 

! 

i 

.0130 

•  1584 

•  2406 

.0150  ! 

•0254 

,1535 

.2406 

•  0150 

.0315 

.1494 

.2406 

.0400 

.0869 

.1298 

•  2406 

.0450 

.0995 

.1241 

•2400 

.0200 

.0426 

.1449 

.2400 

.0251 

.0544 

.1405 

.2400 

♦0304 

.0640 

,1376 

.2400 

.0354 

•  0733 

.1347 

.2400 

.0475 

•  0872 

.1335 

.2400 

}  .0481 

.0910 

.1314 

.2400 

1 

1  .0491 

.0910 

.1321 

.2400 

•  0498 

•  0960 

•  1292 
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Stearic  acid  solutions  were  found  to  crystallize  more 
readily  and  with  greater  uniformity  in  sterilizer  bottles  than 
in  separatory  funnels,  probably  due  to  the  more  rapid  chilling 
of  the  narrow  column  of  liquid  and  aore  thorough  filtration. 

The  following  table  shows  the  amount  of  stearic  ncid 
crystallized  from  solutions  of  different  content  and  the  satu- 
ration of  the  mother  liquor. 
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Cxyetallization  of  Stearic  Acid  fron  Solutione 
of  Different  Content, 
(Oeing  Sterilizer  Bottles). 


Alcohol, 
(o.c.) 

Stearic  Acid 
Taken . 

( Grams ) 

1 

Precipitate.  ' 
(Grams) 

Saturation. 
(Grams  in 
100  c.c). 

.0000 

A  r\  r\ 

,15B7 

.0485 

.1480 

♦  0700 

! 

•1410 

•  OUDO 

! 

.1110 

,1297 

.1^80 

•  l«s90 

.^4  f  D 

t  can 

•  1X9  f 

.OoUU 

1  Q1  R 
*XolD 

•  X1.9U 

.3670 

.1880 

.1193 

.3800 

.2000 

.1200 

.4000 

.2210 

,1193 

•4080 

.2260 

.1213 

•  4200 

.2435 

.1177 

•  4650 

.2980 

.1113 

.5000 

.3255 

.1163 

.6000 

1  .4315 

.1123 
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AlcohoXio- 

Solution 
k  ovyu  grans 
in  150  c«c.) 

i 

1 

Alcohol . 
vc«o«  j 

BquiTaleiit 
in  Stearic 

Aoid. 
V Grams  in 
150  o.o.) 

Precipitate . 

Saturation. 
(Grams  in 
100  c,c,) 

xOO 

60 

•2660 

.0555 

.1403 

110 

40 

.2986 

.0980 

.1297 

120 

30 

.3192 

.1500 

.1128 

130 

20 

.3458 

.1745 

•1142 

140 

10 

•  3724 

.2055 

.1113 

150 

0 

•3990 

•  2335 

i 

•  1103 

1 

Apolication. 

The  facility  with  which  alcohol ic*stearic  aolutions  crys- 
tallise increased  vrith  the  concentration.    Solutions  of  0,38  to 
0.40  grams  to  150  c.c»  formed  crystals  readily,  gave  a  satis- 
factory amount  of  precipitate  and  when  applied  to  the  insoluble 
aoids  of  hutter  yielded  an  additional  amount  from  that  source^ 
This  would  indicate  that  if  the  stearic  acid  of  the  solution  is 
sufficient,  crystallization  of  stearic  from  butter  acids  is  no 
more  difficult  than  from  other  products.    The  results  were  rery 
oonooxdant  for  a  crystallization  raethod  when  all  details  of 
manipulation  were  strictly  ohserved;  the  water  maintained  at 
the  required  level,  properly  iced  at  all  times  and  the  purap  run 
oontinuously  at  good  speed.    A  gentle  rotation  of  the  solution 
aft«r  standing  oremii^t  in  the  ice  tank  assisted  in  ooapleting 
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th«  precipitation,  but  anything  in  ttie  nature  of  shaking  reduced 
the  fragile  crystals  to  a  aaae  and  rendered  filtration  extremely 
difficult  or  imposBible* 

g^thod  ^  Betail, 

?ive-tenth5  (0.50)  of  a  gram  of  melted  insoluble  aoide  are 
broueiht  into  an  8  ounce  sterilizer  bottle  and  150  c.c.  of  an 
alcoholic-stearic  solution  (2.67  grams  to  1000  o.o.),  accurately 
Masured  with  a  pipette,  added.      It  is  considered  advisable, 
thou^  possibly  unnecessary,  to  allow  the  o^iarge  to  stand  over- 
night in  order  to  regain  its  nortaal  crystalline  structure  as 
required  in  meltin/^  point  determinations  before  adding  the  sol- 
vent.   The  bottle  is  sealed  with  a  solid  rubber  stopper,  shaken 
at  room  temperature  until  the  charge  is  corapletely  dissolved, 
placed  in  a  pocket  of  the  ice  tank  and  allowed  to  stand  overnight. 
The  following  morning  the  solution  is  gently  rotated  and  in  the 
afternoon  is  siphoned  off  as  thoroui^ly  as  possible  by  means  of 
•  Mall  thistle  tube^    and  a  perforated  rubber  stopper,  using 
suction.    The  residue  is  dissolved  in  ethyl  ether,  transferred 
ta  a  tared  140  c.c.  wide  mouth  Krleniaeyer  flask,  the  eUher  care- 
fully distilled  off,  dried  at  100°  G.  and  weighed.    As  saturation 
is  likely  to  vary  more  or  less  with  the  amount  of  stearic  acid 
present,  and  as  the  quantity  of  solution  retained  by  the  precipitate 
depends  in  a  measure  on  the  amount  of  precipitate,  blanks  are  run 
on  a  weight  of  stearic  acid  equivalent  to  thiit  expected  in  the  test* 
By  deducting  the  stearic  acid  taken,  from  the  wei^it  recovered, 
the  true  blank  for  the  alooholic-stearic  solution  is  obtained. 


1  The  size  of  the  tube  and  preparation  of  the  felt  has  already 
baen  daaoribed. 
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Mature  of  %he  Precipitate. 

To  aaoertaln  iriiether  the  oryatallinc  subatanoe  obtained 
fjrom  butter  aoids  wae  stearic  acid  or  a  mixture,  the  reaiduea 
from  a  nunber  of  testa  (one  being  inaufficient  for  accurate  work) 
were  combined  and  tJie  molecular  wei^t  determined  txy  aaponifioa- 
tion.    The  laet  of  these  determinations  made  after  considerable 
experience  with  the  stearic  acid  method  gare  284«64,  theory 
284  •288,    The  melting  point  was  not  determined  as  it  was  con- 
sidered less  reliable  than  the  molecular  wei^t« 

InfXuenoQ  of  Different  Patty  Aciea 
2a  Precipitation  of  3teari,c  Acid. 

Somerous  tests  were  made  in  an  effort  to  determine  whether 
lauriCy  nyristio,  palmitic  and  oleic  acids  had  any  effect  on  the 
crystallization  of  stearic  acid  and  if  so,  the  nature  and  extent 
of  such  action.    The  following  table  w411  serve  to  illustrate. 


-   140  - 


Effect  of  Different  i^tty  Aoide. 


Solution. 
(Graae  in 
150 

[ 

Aaaitional 

Stearic 
Acid  Taken. 

( Grams )  | 

1 

Other  j 
Acids 
Taken. 
(Grams) 

Precipitate. 

/  Ovflmn  \ 

Saturation. 
\  uz^ms  xn 
100  c^c^) 

^  O  7  ir  V/ 

»  XUUiJ 

•  3420 

.1047 

.1016 

•  3430 

.1050 

.1035 

.3415 

.1073 

•1000  1 

•  xuo  r 

! 

Laurie. 

j 

! 

•  4000 

•  3455 

•1043 

.1000 

.4000 

.3415 

.1050 

.1000 

.4000 

.3430 

.1040 

•  1010 

•  4000 

.3450 
• 

•  1033 

i  Hvristic. 

1000 

1010 

.1000 

.4000 

1  .3490 

•  1000 

.1000 

.4000 

.3515 

.0983 

i  Palmitic. 

•  X<i  f  W 

1000 

4030 

.1010 

.2500 

.2965 

.1357 

.1040 

.2500 

.3065 

.1310 

.1050 

.2000 

•3085 

.1303 

.1070 

j  .4220 

.3515 

1  .1030 

.1010 

i  .4255 

.3440 

.1040 

.1000 

.4000 

.3485 

.1003 

•  1035 

'  .4000 

.3460 

1 

•  1043 
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According  to  molecular  wiigjit  dotenainationa.  the  laurio 
and  palmitic  acide  were  of  excellent  quality  and  the  -yriatic 
and  oleic  acids,  a  little  inferior. 

Laurie,  ayriatic  and  oleic  acida  in  relatively  large  amounte 
•hoired  no  appreciable  influence  on  cryatallization  of  stearic 
acid.    Palmitic  acid,  on  tlie  other  hand,  noticeably  increaaed  the 
solubility  and  changed  the  physical  dharacter  of  the  precipitate. 
The  subject  will  be  given  further  study  with  a  view  of  counter- 
acting the  restraining  influraee  of  palmitic  acid,  or  at  least 
reducing  it  to  a  minimum. 


Results  obtained  with  the  Insoluble  Acids  of  Different  Butters. 


Station  Humber*  Stearic  Aoid. 

(Percent) . 


1 

10.17 

8 

8.84 

6 

6.93 

a 

8.27 

10 

7.60 

11 

17.25 

12 

8S56 

IS 

14.94 

14 

10.10 

le 

9.03 

If 

1.^.87 
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The  presence  of  relatively  large  «fflM>unto  of  palmitic 
acid    in  prepared  mixtures  affected  tlie  czy stall  inc  structure 
of  the  precipitate.    The  addition  of  palmitic  acid  to  butter 
aolde  materially  increased  the  solubility,  thereby  confirming 
Binilar  tests  wiUi  stearic  and  palmitic  acids  already  cited. 
&m»  of  our  latest  determinations  Indicate    that  the  action 
of  palmitic  acid  can  be  counteracted  by  increasing  the  relati'W 
•mount  of  stearic  acid. 


The  method  proposed  for  the  determination  of  stearic 
aold  in  the  insoluble  acids  of  butter  fat  is  a  direct 
crystallization  from  a  definite  supersaturated  alcoholic- 
•tvarie  solution  under  control  conditions.    The  process  is 
simple,  requires  only  a  single  reagent  and  no  difficult 
■anipul&tiOQ*    The  results  vhile  very  much  hij^er  than  those 
generally  reported,  are  concordant  and  molecular  weight 
determinations  leare  no  doubt  as  to  Uie  character  of  the 
precipitate* 
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The  most  iiapoptant  results  secured  from  tlie  preceding 
inreatlgatlons  are  ae  follows: 

1.    ImroYed  Methods  for  gat  Analva^a. 


for  the  analysis  of  oils  and  fats  proaotes  accuracy  and 
insures  more  oosparable  data  by  greater  uniformity  and  sia- 
plicity  of  methods  rabxmcing  definition  of  terms,  principles 
inrolvod  and  details  of  manipulation  including  reagents^ 
apparatus  and  glassware.    Among  the  prominent  features  treated 
■ig^t  be  mentioned  axaount  of  material  employed,  strength,  pre- 
paration and  quantity  of  reagents  and  indicators,  numerous 
Iapr>9renent8  in  the  various  processes,  ti^nopsis  of  reactions, 
and  limits  of  error.    Particular  attention  is  called  to  the 
synopsie  of  composition  which  presents  the  aim  of  a  teclmical 
analysis  althou^  not  fully  attainable  in  the  present  state 
of  our  lcnowledge« 

2.    Stability  of  Butter  Fat  Samples . 


a  fairly  stable  product  and  considerable  light  is  thrown  on 
hydrolytic  and  oxidation  changes  as  a  result  of  the  action  of 
a*r,  light,  moisture  and  heat  respectively. 

S,    Furification  of  Insoluble  Fatty  Acids  and  Purification 

of  Oleic  Acid. 

Saturated  fatty  acids  can  be  purified  by  fractionation 
of  the  acids  or  their  ethyl  esters  in  vacuo.  The  latter  process 
io  shown  to  be  easier  to  manipulate  althou^  requiring  more  steps. 


The  standardization  of  tJ^ie  various  "groiip"  methods 


Filtered  butter  fat  of  normal  acidity  is  shown  to  be 
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Crystallization  l«  a  finishing  ratJier  than  an  initial  proe«s« 
of  treatment.    Fractional  distillation  of  oleic  acid  in  vacuo 
In  a  current  of  carbonic  acid  gae  promiacB  to  be  a  satisfac- 
tory method    of  parif ication. 

An  Atteropt  at  S^paratin/r.  ggtty  Aoldg  by  thoir  Litliium 

The  separation  of  insoluble  fatty  acids  by  means  of 
their  lithium  salts  prored  unsatisfactory,  due  to  inherent 
faults  of  tiie  method  arising  from  failure  of  the  salts  to  sialii* 
tain  tlie  solubilities  claimed  and  from  the  inadequate  araount  of 
mterial  that  could  be  handled, 

Pqterwination  of  Stearic  Acid  in  Butter  ^at, 
A  method  was  adapted  for  direct  crystallization  of 
stearic  acid  in  t^ie  insoluble  aoids  of  butter  fat  from  a  defi- 
nite supersaturated  alcoholic-stearic  solution  under  control 
conditions.    The  prooess  is  simple^  requires  only  a  single 
rMC^n*^*  difficult  manipulation,  and  gives  concordant 

results  very  much  higiier  than  tliosc  generally  obtained. 


